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CHEMICAL LECTURES. 



GENERAL PROPERTIES OF MATTER. 



CHEMICAL PHYSICS. 

Physics is the study of matter under all its various phases. 
Physics or Natural Science may be divided into the following 

branches : — 

f Mineralogy. 



Physics 

or 

Natural Science. 



Natural History. 



InorgMiic. 1^^— 



( Natural Philosophy. 
General Philosophy. < Chemistry. 

( Astronomy, 



Chemistry is that branch of physics, or the science, which 
treats of the properties and laws relating to the ultimate 
molecules and atoms of matter. 

Science is the knowledge of the laws pertaining to any given 
class of phenomena. 

Chemistry became a fixed science in 1774, when oxygen was 
discovered. 

Properties of matter — physical and chemical. 

A law in physics expresses what will take place when certain 
conditions are supplied' — as the law of gravity. 

A molecule is the smallest quantity of matter that can exist in 
the free state. It is the smallest particle of matter into which a 
body can be divided without losing its identity. 
2 5 



6 CHEMICAL NOTES, 

ExcLTfn/ple* 

The smallest particles of sodium chloride which can exhibit 
the properties of this substance are molecules. 

Molecules are made up of atoms. Atoms enter into combina- 
tion to form molecules. 

In elementary matter the molecules are composed of matter of 
the same kind. 

In compound matter the molecules consist of dissimilar atoms. 

All matter is made up of about 65 or 70 elementary forms of 
matter, either simple or in combination. 

Oxygen is an elementary form of matter. 

An atom is the smallest particle of matter that can enter into 
chemical combination. It is that quantity of matter which is 
constant in regard to its capacity for heat. 

A mass of oxygen is made up of molecules ; the molecules are 
made up of atoms. 

Hydrogen is an elementary form of matter. An atom of 
hydrogen may combine with another atom of hydrogen and form 
a molecule. 

An atom of hydrogen may combine with one atom of chlorine, 
forming a molecule of hydrochloric acid. 

The atom of hydrogen does not exceed the soooiooo ir ^ *^ 
inch in its largest diameter. 

The elementary forms of matter unite among themselves in 
different proportions. 

Examples. 

H2O = one molecule of water. 
H2O2 = one molecule of hydrogen peroxide. 
CaHjO = one molecule of alcohol. 
5 C2H6O = five molecules of a definite compound made up of 
three of the 65 elementary forms of matter in definite propor- 
tions. 
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UNIVERSITY OF PENNSYLVANIA, 7 

> 

PHYSICAL PROPERTIES OF MATTER. 
All matter has certain essential properties. 

1. Magnitude and Form. 

2. States of Aggregation. 

(a) Solid. ^ 

(6) Liquid, v These constitute the three states of matter. 

(c) Gaseous, j 

(a) Solid. — In matter in the solid state the attraction of aggre- 
gation between the molecules is greater than the attraction of 
gravity. 

(6) Liquid, — In matter in the liquid state the attraction of 
aggregation is slightly greater than the attraction of gravity, but 
not so great as to prevent the movement of the molecules among 
themselves. 

(c) Oaseous, — In matter in the gaseous state the molecules are 
in constant motion and repel each other, the attraction of aggre- 
gation being overcome. 

The velocity of the atom of hydrogen is 6096 feet per second, 
or about 70 miles per minute. 

A single cubic inch of air taken 4000 miles into space would 
expand to a volume equal to the orbit of Saturn. A cubic inch 
of air taken 40 miles into the interior of the earth would form a 
liquid as dense as metallic mercury. 

All molecules are of the same size, no matter how complex 
their composition . 

matter in nature has an attraction for every other kind of 
matter. The molecules have an attraction for themselves under 
certain conditions. 

The same kind of matter may exist in three different states, 
solid, liquid and gaseous. 

Examples. 

Water, ice, steam. 

Ice at 32® F., before it can become water at 32® F., must 
absorb 142® F. of heat. 

It requires 990® F. of heat to convert water at 212® F. into 
steam at 212® F. 



8 CHEMICAL NOTES, 

AlcohQl has never been seen in the solid state. 

Carbon has never been seen except in the solid state. 

Matter in the gaseous state cannot be reduced to a liquid con- 
dition until the matter has been brought below a certain tempera- 
ture, called the critical point 

Carbon monoxide at ordinary temperature, under a pressure 
of 2790 atmospheres remains a gas; but at — 141^ C. and a 
pressure of 35.5 atmospheres it becomes a liquid ; and at — 210^ 
C. it liquefies without external pressure. 

3. Impenetrability. — Two bodies cannot occupy the same 
space at the same time. 

4. Divisibility. — Matter may be divided indefinitely without 
destroying its properties. 

Examples. 

A globule of mercury measuring ^bIoo ^^ ^^ ^^^^ ^^ diameter 
may be easily recognized by its peculiar properties, although 
weighing only ^..^o^ooooo of a grain. 

Newton found the opaque part of a soap bubble (essentially 
consisting of water) to be ^soiooo of an inch in thickness. 

5. PoBOSiTY. — The ultimate molecules of matter are not in 
absolute contact. 

(a) Solids , — Mercury may pass through the pores of wood. 

(b) Liquids, — Alcohol and water when mixed occupy less space 
than the two when unmixed. 

(c) Oases. — ^A globe filled with vapor of water (steam) at 21 2** 
F. may have introduced into it as much vapor of alcohol as if 
no vapor of water were present (and in addition, as much vapor 
of ether may be introduced into the same globe as if no vapors 
of water and alcohol were present). Ten to twelve vapors may 
successively be introduced into the same globe. 

6. Compressibility. — By external force the ultimate particles 
of matter may be brought more closely in contact, the molecules 
themselves not being in absolute contact. 

Examples. 

(a) Solids. — Compression of rubber, the compression of iron , 
lead, etc., by hammering. 
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rxirERSirr of pexxsvl vaxia. » 

Hammered iridium is the most dense matter known in nature* 
No tw o solids have the same d^^ree of compressibility. 

(b) Liquids, — ^Mercury under a pressure of 2 atmospheres is ^ 
compressed 5 parts in 1»000,000; water, 61 parts in 1,000,000;^ 
alcohol, 93 parts in 1»000,000 ; and ether, 150 parts in 1,000,000. 

No two liquids have the sam e degree of compressibility. 

(c) Oases. — Mariotte*s or Boyle's Law, The volume of a gas 
is inversely as the pressure, the density and elasticity are directly 
as the pressure. 

AlLbo dies are pressed upon in all directions by the atmosphere. 
At the level of the sea (one atmosphere) the pressure is about 
15 pounds (exactly 14.7) per square inch. The average height 
of the mercurial column (barometric pressure) at the level of 
the sea, is about 80 inches (760 millimetres). 

Eacamples. 

Given 10 cubic inches of a gas at a barometric pressure of 

27 inches, what will be its volume at a barometric pressure of 

30 inches ? 

80 : 27 : : 10 : 9 oubio inches. 

Given 10 cubic inches of a gas at a barometric pressure of 

30 inches, what will be its volume at a barometric pressure of 

27 inches? 

27 : 80 : : 10 : 11.11 cubic inchei. 

7. Elasticity. — Certain bodies which alter in form under 
pressure, tend to regain their original form when the external 
pressure is removed. 

The property which matter possesses of recovering its former 
shape and volume after having yielded to some force, is called 
elasticity. 

(a) Solids. — Solids are elastic up to a certain limit, which varies 
greatly in different substances. Rubber (caoutchouc; is consid- 
ered elastic, although not perfectly so. A perfectly elastic solid 
does not exist. 

(() Liquids. — Liquids are perfectly elastic. 

(c) Gases. — Gases are perfectly elastic. 

The elasticity of a gas is directly as the pressure. When the 
external pressure is removed, gases return to their original 
volume. 
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10 CHEMICAL NOTES. 

ExpansihUity. — Gases expand on lessening the atmospheric 
pressure. There is no limit to the expansibility of gases. 
The expansibility of gases may be illustrated by the air pump, 
which is an apparatus used to withdraw air from a closed 
vessel. 

A barometer is an instrument used for ascertaining the atmos- 
pheric pressure. The simplest form of a barometer is a straight 
tube about 85 centimetres long, closed at one end, filled with 
mercury, and the open end closed with the thumb, then inverted 
over mercury and the thumb withdrawn. The mercury in the 
tube will sink until it equipoises the atmospheric pressure. The 
empty space above the mercury in the tube is called a Torricel- 
lian vacuum. 

The atmospheric pressure at the level of the sea is taken as 
unity, and is assumed to be equivalent to a column of mercury 
30 inches in height (equal to 762 millimetres). In the French 
system the atmospheric pressure at the sea level is assumed to be 
equivalent to a column of mercury 760 millimetres in height 
(equal to 29.992 inches). 

The column of mercury in a barometer containing a few drops 
of water, at the level of the sea, will stand at a height of 758 
millimetres. 

Containing a few drops of alcohol, 749 millimetres. 
" " " ether, 730 millimetres. 

This is due to the tension of the vapor of these liquids. The 
vapor tension varies with each liquid, and the greater the tem- 
perature the greater the tension. 

The siphon barometer of Bunsen is the one usually employed 
in scientific investigations. The readings are m^de at the upper 
and lower levels of the mercury in the tube, and the sum of the 
two readings is the barometric pressure. 

A sudden change in the barometer indicates a change in the 
weather. A rapid fall of mercury usually indicates a storm ; a 
rising column indicates clearing weather. 

The heights of mountains may be measured approximately by 
means of the barometer. 

The volume of a gas is affected not only by pressure, but also 
by temperature. 

All gases when heated expand -^ or ^^^ of their volume, 
measured at 0° C. for each rise of 1 degree Centigrade, or -^ of 
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UNIVERSITY OF PENNSYLVANIA. 11 

their volume, measured at 82^ F. for each rise of 1 degree Fah- 
renheit. 

1. Calculation. 

To reduce the volume of a gas to 760 millimetres pressure and 
0° C. temperature. 

What volume will 20 cubic centimetres of nitrogen measured 
at 750 millimetres pressure and 15^ C. temperature occupy at 
760 millimetres pressure and 0^ C. temperature ? 

760 : 750 : : 20 : 19.73 c.c. = vol. at 760 millimetres ; 
and 

(273 + 15 i« 288) 

288 : 273 : : 19.73 : 18.7 cc, vol. at 760 millimetres 
and 0° C. temp. 

2. (Calculation, 

What volume will 7.4 c.c. nitrogen at 754 mm. and 20** C. 
temp, occupy at 760 mm. and 0** C. ? 

v^_ VX(B-T) 



760 X (1 + 0.008665 1°) 

In the above formula 

V = the corrected volume. 

V = observed volume. 

B = observed barometric pressure. 
T = tension of aqueous vapor for temp. t®. 
t** = the observed temperature. 
0.003665 == coefficient of expansion of gases for each 

degree Centigrade. 

7.4 X (754 — 17.4) _ 5450.84 _ ^ ^^ 
760 X 1.073 - "81558 ^ ^'^^ ''*''• 

17.4 mm. is the tension of aqueous vapor at 20** C. temp. 
Tables in books give the tension of aqueous vapor for different 
degrees Centigrade. 

8. DiLATABiLiTY refers to the expansion of a body upon the 
application of heat All matter, except when under peculiar 
conditions, expands on the application of heat. 

(a) Solids, — No two solids expand equally. 

(6) Liquids, — No two liquids expand equally. 



12 CHEMICAL NOTES, 

(c) Oases, — All gases (simple or compound) expand equally 
on the application of equal increments of heat. 

All gases expand -^^ or ^W ^ of their volume for each degree 
Centigrade above 0° C, or ^^ for each degree Fahrenheit above 
32° F. 

273 C.C. of a gas at 0° C, at 1° C. will become 274 c.c. 
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9. Inertia. — Matter has in itself no power to change its 
motion or rest. 

10. Indestructibility. — Matter cannot be destroyed. 

Force. — Force is that which can produce, change, or destroy 
motion. 

The following four forms of force may be considered in this 
connection : — 

1. Gravity. 

2. Attraction of aggregation (cohesion). 

3. Heterogeneous attraction (adhesion). 

4. Chemical force. i ^* "^ 

1. Force of Gravity. /;. ^ 

Force of Oravity is the attra(^)otf possessed by every mass of 
matter for every other mass. It is proportionate to the quantity 
of matter present in the mass, and varies inversely as the square 
of the distance between the attracting bodies. 

A body on the surface of the earth is drawn toward the centre 
of the earth, at which point a body would be stationary. 

As the polar diameter of the earth is about 26 miles less than 
its equatorial diameter, 194 pounds of matter at the equator 
would weigh 195 pounds at the poles. 

Force of gravity cannot be annihilated. It may, however, be 
overcome by another force. 
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UNIVERSITY OF PENNSYLVANIA, 13 

The act of weighing substances is a practical application of 
the force of gravity. 

There are four systems of weights : — 

Troy, Apoihecari€s\ Avoirdupois and Metric, 

The metric system is now universally employed in scientific 
investigations. 

The metre is, approximately, the ten-millionth part of the 
distance from the Equator to the North Pole. 

LENGTH. 

1 Metre = 10 decimetres = 39.37+ inches. 

1 Decimetre = 10 centimetres = 3.937 inches. 
1 Centimetre = 10 millimetres = 0.3937 inch. 

VOLUME. 

1 Litre = 1000 cubic centimetres = 1.761 pint = 35.2154 
fld. oz., Imperial measure. 

1 cubic centimetre = 1000 cubic millimetres = 0.0352 fld. 
oz.y Imperial measure. 

WEIGHT. 

The gramme is theoretically the weight of 1 c.c. of distilled 
water at 4^ C. and 760 mm. barometric pressure. 

1 Kilogramme = 1000 grammes = 2.2054 pounds 

avoirdupois. 
1 Gramme = 10 decigrammes = 15.4324 grains. 
1 Decigramme = 10 centigrammes = 1.54324 grain. 
1 Centigramme = 10 milligrammes = 0.154324 grain. 

Specific gravity is the weight of a given volume of matter, com- 
pared with the weight of an equal volume of some other matter 
taken as unity. 

Hydrogen is the lightest substance known ; iridium the heavi- 
est. A cubic inch of iridium contains about 240,000 times more 
matter than an equal volume of hydrogen, and would weigh 
about 240,000 times more than the cubic inch of hydrogen. 

The heaviest solid, iridium, is 92 times heavier than the same 
volume of cork, the lightest solid known. 

The heaviest liquid, mercury, is 23 times heavier than the 
same volume of cymogen, a petroleum product, the lightest liquid 
known. 
3 



12 CHEMICAL NOTES, 

(c) Oaaea, — All gases (simple or compound) expand equally 
on the application of equal increments of heat. 

All gases expand tj^^ or -^\^ of their volume for each degree 
Centigrade above 0° C, or ^^ for each degree Fahrenheit above 
32° F. 

273 C.C. of a gas at 0° C, at 1° C. will become 274 c.c. 
273 " " " " 2° C. " 275 *' 

273 " " " " 3° C. " 276 " 

273 " " " " 15° C. ** 288 



or, 
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9. Inertia. — Matter has in itself no power to change its 
motion or rest. 

10. Indestructibility. — ^Matter cannot be destroyed. 

Force. — Force is that which can produce, change, or destroy 
motion. 

The following four forms of force may be considered in this 
connection : — 

1. Gravity. 

2. Attraction of aggregation (cohesion). 

3. Heterogeneous attraction (adhesion). 

4. Chemical force. j .-* "^ 

1. Force of Gravity. 5 ^ 

Force of Oravity is the attrac^jaln possessed by every mass of 
matter for every other mass. It is proportionate to the quantity 
of matter present in the mass, and varies inversely as the square 
of the distance between the attracting bodies. 

A body on the surface of the earth is drawn toward the centre 
of the earth, at which point a body would be stationary. 

As the polar diameter of the earth is about 26 miles less than 
its equatorial diameter, 194 pounds of matter at the equator 
would weigh 195 pounds at the poles. 

Force of gravity cannot be annihilated. It may, however, be 
overcome by another force. 
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UNIVERSITY OF PENNSYLVANIA. 13 

The act of weighing substances is a practical application of 
the force of gravity. 

There are four systems of weights : — 

Troy, Apothecarie%\ Avoirdupois and Metric, 

The metric system is now universally employed in scientific 
investigations. 

The metre is, approximately, the ten-millionth part of the 
distance from the Equator to the North Pole. 

LENGTH. 

1 Metre = 10 decimetres = 39.37+ inches. 

1 Decimetre = 10 centimetres = 3.937 inches. 
1 Centimetre = 10 millimetres = 0.3937 inch. 

VOLUME. 

1 Litre = 1000 cubic centimetres = 1.761 pint = 35.2154 
fld. oz., Imperial measure. 

1 cubic centimetre = 1000 cubic millimetres = 0.0352 fld. 
oz., Imperial measure. 

WEIGHT. 

The gramme is theoretically the weight of 1 c.c. of distilled 
water at 4° C. and 760 mm. barometric pressure. 

1 Kilogramme = 1000 grammes = 2.2054 pounds 

avoirdupois. 
1 Gramme = 10 decigrammes = 15.4324 grains. 
1 Decigramme = 10 centigrammes = 1.54324 grain. 
1 Centigramme = 10 milligrammes =: 0.154324 grain. 

Specific gravity is the weight of a given volume of matter, com- 
pared with the weight of an equal volume of some other matter 
taken as unity. 

Hydrogen is the lightest substance known ; iridium the heavi- 
est. A cubic inch of iridium contains about 240,000 times more 
matter than an equal volume of hydrogen, and would weigh 
about 240,000 times more than the cubic inch of hydrogen. 

The heaviest solid, iridium, is 92 times heavier than the same 
volume of cork, the lightest solid known. 

The heaviest liquid, mercury, is 23 times heavier than the 
same volume of cymogen, a petroleum product, the lightest liquid 
known. 
3 



14 CHEMICAL NOTES. 

The heaviest gasy aluminium iodide (Al2l6)» is 406.6 times 
heavier than the same volume of hydrogen, the lightest gas 
known. 

The standard for solids and liquids is pure water, according to 
the English system, at a temperature of 62° P. and barometric 
pressure of 30 inches, or, according to the French standard, at 
4° C. and 760 mm, barometric pressure. Water has its greatest 
density at 4° C . 

The common standard for gaseSy according to the English sys- 
tem, is air at 60° P. and 30 inches pressure, or, according to the 
French system, 0° C. and 760 mm. 

The standard for gases in physical and chemical investigations 
is hydrogen at 0° C. and 760 mm. pressure. 

1 cubic inch of water weighs 252.45 grains at 62° F. and 30 
inches pressure. 

1 cubic foot of water weighs 62.5 pounds at 62° F. and 30 
inches pressure. 

100 cubic inches of air weigh 30.935 grains at 60° F. and 30 
inches pressure. 

100 cubic inches of hydrogen weigh 2.14 grains at 60° F. and 
30 inches pressure. ^ ^ \.^ 

METRIC SYSTEM. 

1 cubic centimetre of water weighs 1 gramme at 4° C. and 760 
mm. pressure. 

1 litre of water weighs 1 kilogramme at 4° C. and 760 mm. 
pressure. 

1 litre of air weighs 1.2936 gramme at 0° C. and 760 mm. 
pressure. 

1 litre of hydrogen weighs 0.0896 gramme at 0° C. and 760 
mm. pressure. 

Air is 14.44 times heavier than hydrogen. 

Water at 4° C. is 772 times heavier than air at the same tem- 
perature. . 

SPECIFIC GRAVITY OF SOLIDS. 

(a) Of solids heavier than water. 

Theorem of Archimedes, — When a solid is immersed in a fluid, 
it displaces a volume of the fluid equal to its own volume, and 
weighs as much less as the weight of the fluid displaced. 

1. To determine the specific gravity of a solid heavier than 
water, find its weight in air and then in water (under the stand- 
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The specific gravity of liquids may be determined by means 
of an instrument termed a hydrometer, which is a glass instru- 
ment terminating in a bulb containing shot or mercury. The 
tube of the instrument contains a scale with numbers which 
express the specific gravity, so that no computation is necessary. 
1000 is taken as the fixed point (spec. grav. of water). 

The hydrometer will sink in a liquid until it displaces a volume 
of the liquid equal to its own weight, or until it reaches a depth 
where the buoyant force is equal to its own weight. 

The specific gravity of liquids both heavier and lighter than 
water may be determined in this manner. 

The same instrument may have two scales, as the Universal 
hydrometeVf one for liquids heavier, the other for liquids lighter, 
than water. 

For accurate determinations the scale is extended over a long 
spindle, or the scale may be distributed through the spindles of a 
series of hydrometers. 

A urinometer is a hydrometer with a limited scale, used for 
determining the specific gravity of urine. The numbers on the 
scale usually range between 1000 and 1060. A urinometer when 
placed in distilled water, under standard conditions, should sink 
exactly to the 1000 point. 

SPECIFIC GRAYITY OF OASES. 

The specific gravity of gases is compared with air or with 
hydrogen at 60° F. and 30 inches pressure, or 0° C. and 760 mm. 
pressure. 

The specific gravity of a substance in the gaseous state is 
employed to determine the molecuj gi^ ^m^lif nf the substance. 

Method; Fill a large glass flask or globe with the pur e and 
dry gas, weigh it, and at the same time observe the temperature 
of the surrounding air and the barometric pressure. Exhaust 
the globe by means of an air pump and again weigh. Finally, 
fill it with dry air and weigh it, the temperature and pressure 
being known. On the supposition that the temperature and pres- 
sure are the same in both cases, the specific gravity is at once 
obtained by dividing the weight of the gas by the weight of the 
air ; if otherwise, correct for temperature and pressure. 

Victor Meyer has devised a method and apparatus for the 
determination of the vapor density of substances. 
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The specific gravity (compared with air) of the lightest sub- 
stance (a gas) known, hydrogen, is 0.0693. 

The specific gravity (compared with air) of the heaviest gas 
known, aluminium iodide, is 26.15. 



EXTBEMES OF SPECIFIC GRAVITY. 



Solids, . . 

Liquids, . . 
Gases, . . 

Compared with air) 



... 



{Iridium, 
Cork, .... 

(Mercury, . . . 
I Cymogen, . . . 

f Aluminium Iodide, 
' t Hydrogen,. . . 



21.8 
0.24 

13.596 
0.59 

28.15 
0.0693 



2. Attraction op Aggregation (Cohesion). 

This is a force existing between similar molecules of matter 
and m anifestin g itsel^^through inappreciable distances. Hard- 
ness and softness depend upon "^ 

In no two solids is the attraction of aggregation or cohesion 
the same. 

(a) Properties of solids depending upon attraction of aggrega- 
tion : — 

(a) Tenacity. 
(6) Ductility, 
(c) Hardness. 
(,d) Flexibility, 
(e) Malleability. 

TABLE OF TENACITIES, 

Showing the weight necessary to rupture wires of different metals 
^ of an inch in diameter and an inch in length. (The force of 
attraction of aggregation existing between the molecules of a 
metal.) 

Iron ruptures at 549 pounds. 
Copper " 302 " 



Silver " 187 

Tin " 36 

Lead « 27 

(a) Solids are either 

1. Crystallizable, or 

2. Uncrystallizable. 
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Crystallization is an example of the attraction of aggregation. 
All crystalline forms may be arranged in six systems : — 

1. Monometric (cubic). 

2. Dimetric. 

3. Bhombohedral. 

4. Trimetric (rhombic). 

5. Monoclinic. 

6. Triclinic. 

Substances having the same crystalline form are iaomorpkavs. 
A substance capable of crystallizing in two distinct forms, belong- 
ing to different systems, is dimorphovs. 

AUotropism is the property possessed by some substances of 
existing in two or more forms having the same chemical com- 
position, but different physical and, in some cases, physiological 
properties. 

Examples, 

Sulphur, phosphorus, carbon (diamond and charcoal). Such 
modifications are said to be allotropic. 

(b) lAquids. — The attraction of aggregation exists in liquids, 
but varies considerably, as illustrated in the size of the drops of 
different liquids. 

(c) Oases, — T he attraction of aprgrep^ation is absent . The 
molecules repel one another. 

3. Heterogeneous Attraction (Adhesion). 
A force existing between certain dissimilar molecules of matter 
and manifesting itself only through inappreciable distances. 

(a) Solids, — Examples — Glue, cement, etc. 

(b) Liquids. — Examples — Alcohol added to water soon diffuses 
through the entire quantity of water ; is said to be soluble in 
water, and is soluble in unlimited quantity. 

Ether is soluble in 10 times its volume of water ; if more ether 
be added it will not dissolve, but will collect on the surface of 
the water. In this case the heterogeneous attraction is limited. 

Oil and water have little or no heterogeneous attraction for 
each other. 

(c) Gases, — All gases have an attraction for one another. 
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Law of Diffusion of Oases, — The heterogeneous attraction is 
inversely as the square roots of the densities of the gases. 

Example. 

Hydrogen is 16 times lighter than oxygen, and will diffuse 
four times more rapidly than oxygen. 

This is a wise provision of nature, as otherwise carbon dioxide, 
a poisonous gas, would collect nearest the earth, the oxygen 
coming next and the nitrogen last ; but they become mixed in 
nature according to this law. 

{d) Solids and Liquids, — Water adheres to a glass rod, owing 
to the water having a heterogeneous attraction for the glass. 
Mercury will not adhere to the glass because it possesses no 
heterogeneous attraction for the glass. 

A liquid will dissolve a solid only when the adhesion between 
the liquid and the solid is greater than the cohesion in the solid. 

When sugar and water are mixed the heterogeneous attraction 
existing between the molecules of sugar and the molecules of 
water is greater than the attraction of aggregation possessed by 
the sugar itself, and as a result, the sugar dissolves, forming a 
solution. 

Water h as the greatest range of sol vencv of any liquid known. 
When reference is made to the solubility of a substance, "water Is 
always understood to be the solvent, unless some other liquid is 
specified. 

Some substances are soluble, others partly soluble, and some 
insoluble. 

The dissolving liquid is called a solvent, and the resulting 
liquid is called a solution. Thus, one part of the following 
compounds requires about the following quantities of water for 
solution : — 

Barium sulphate about 200,000 parts. 
Strontium sulphate about 10,000 " 
Calcium sulphate " 500 " 

Magnesium sulphate " 2 '* 

• When 1 part of a substance is soluble in 100 parts of water 
it is termed soluble. 

The dissolving of a substance is facilitated by its being in a 
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finely comminuted state, as more surface is brought in contact 
with the dissolving agent. 

Temperature affects the solubility of a substance. With few 
exceptions, hot liquids dissolve substances more rapidly and in 
greater quantity than cold liquids. 
^4 V'-.Lime is more soluble in cold water than in hot water. 

' A saturated solution is one that holds in solution all of a sub- 
stance that it possibly can at a given temperature. 

When a liquid containing a solid in solution is brought in 
contact with another liquid possessing a greater heterogeneous 
attraction for the liquid than for the solid, the solid will separate 
as a precipitate. 

Example, 

When an alcoholic solution of camphor is brought in contact 
with water, the camphor is precipitated. 

Certain organic coloring matters may be removed from liquids 
by means of animal charcoal. Alkaloids may also be separated 
from liquids by animal charcoal. i^j^-V^^Sp^^ ^ 

Osmosis. — ^When liquids pass tjifbugh a porous diaphragm and 
mix with each other, the diffusfon is called Osmosis, To distin- 
guish the two opposite currents, the flow of the liquid toward 
that which increases in volume is called JEndosmosiSy and the 
opposite current is called Exosmosis, 

The process of separating mixed liquids by osmosis is called 
dialysis. 

Dialysis, — The gradual passage through a membrane of a dis- 
solved substance from its original solution into pure water is 
called dialysis. Parchment paper is usually the membrane em- 
ployed, and may be prepared by dipping unsized paper a moment 
in a cold mixture of 1 volume of water and 2 volumes of sul- 
phuric acid, then washing it thoroughly with water and after- 
ward with water containing a little ammonia, and drying. 

Those substances which pass through membranes are called 
crystalloids ; those which do not are called colloids, 

(e) Solids and Oases. — Certain solids possess so strong an 
attraction for gases that they not only draw the gases into the 
small cavities within them, but to a considerable extent condense 
them there. 

Spongy platinum absorbs (occludes) oxygen. Palladium 
4 
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occludes hydrogen. Magnesium oxide and iron filings do not 
sink when thrown on water, owing to the heterogeneous attraction 
existing between those substances and air. 

Charcoal readily absorbs gases. It is especially useful in remov- 
ing noxious gases in hospitals or in the sick room, and in absorb- 
ing noxious odors from putrid animal and vegetable matter. It 
does not check decay, but rather, hastens it. 

Table of the volume of gases absorbed by one cubic inch of charcoal. 



Ammoniacal gas, . 


. 90 cubic inches 


Hydrochloric acid gas, . 
Sulphuretted hydrogen, . 
Carbon dioxide, . 


. 85 
. 55 
. 35 




Oxygen, 
Hydrogen, , 


. 9 
. 1.7 





(/) Liquids and Oases, — Certain liquids possess heterogeneous 
attraction for gases. 

Water, at a temperature of 32° F,, is capable of condensing 
(absorbing) 1050 times its own volume of ammoniacal gas. 

The amount of gas a liquid will absorb is increased by pressure. 
** Soda water " or carbonated water is simply water saturated with 
carbon dioxide under great pressure; when the pressure is 
removed, a large part of the gas escapes, producing effervescence. 

Table of the volume of gases absorbed by one volume of water at 
32° F. 

volumes. 

(( 

volume. 
(( 



Ammoniacal gas, . 


. 1050 


Hydrochloric acid gas, , 


. 506 


Sulphurous anhydride, , 


. 69 


Carbon dioxide, 


1.8 


Oxygen, . 


0.04 


Hydrogen, 


0.019 



4. Chemical Attraction or Force (Chemism). 

An attraction existing between the atoms of certain dissimilar 
substances acting through inappreciable distances to form new 
compounds. 

HaO + SOs =H,SO, 
H^SO, + K^O = K^SO, + H,0 
HCl + NHs = NH,CJ. 
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HEAT. 
Heat is a mode of motion (molecular motion). 

1. Oorptucular Theory of Heat. — That heated substances send 
out small particles of matter in straight lines, which, by their 
impingement, produce the sensation of heat. 

2. UndtUatory Theory. — That heat is given off from bodies in 
wave-like undulations. 

Sources of Heat. — 1. The mn (solar heat). 

2. 1 he earth (terrestrial heat). 

3. Mechanical action. 

4. Chemical action. 

Terrestrial Heat. — Observations made during two centuries 
show that solar heat affects the temperature of the earth to^a 
point about 88.6 feet below the surface, at which point the tem- 
perature remains constant at 53.5^ F. In descending toward the 
centre of the earth, below the depth of 88.6 feet the temperature 
increases about 1** F. for every 64 feet of depth. The rate of 
increase of temperature varies in different parts of the world. 

Mechanical Action. — Mechanical motion checked becomes heat. 

Eocainples. 

Hammer a piece of iron and it soon becomes hot. Fire may 
be obtained by rubbing together two pieces of dry wood (fric- 
tion). 

To heat 1 pound of water through a range of 1** F. requires 
the expenditure of a mechanical force equivalent to that pro- 
duced by the falling of a body weighing 772 pounds a distance 
of 1 foot; or to heat 1 gramme of water 1° C. is equivalent to 
the mechanical force produced by a body weighing 423.65 
grammes falling a distance of 1 metre (about 40 inches). 

The heat unit generally employed is the amount of heat 
required to raise the temperature of 1 kilogramme of water from 
0° C. to 1° C. This unit is called a calorie. 

Chemical Action. — Chemical action is always accompanied by 
ti rhnngn nf ttmprrfttnrr The change of temperature may or 
may not be evident. Chemical combination may occur with 
lowering of temperature. 

Combustion. — Combustion is chemical combination attended 
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/^i 



with the evolution of heat and light (Chemical combination is 
not necessarily combustion.) 

Elementary substances may be divided into — 

1. Combustible. (Types — carbon, sulphur, hydrogen.) 

2. Supporters of combustion. (Type — oxygen.) 

3. Indifferent. Substances which are neither combustible nor 
supporters of combustion. Most of the elements belong to this 
class. 

The quantity of heat developed in the combustion of different 
substances varies. 

1 gramme of hydrogen when burned with an adequate quan- 
tity of oxygen develops sufficient heat to raise the temperature 
of 34,462 grammes of water from 0** C. to 1° C. (i. e., through a 
range of 1° C). 

TMe showing the amount of water the temperature of which can 
be raised from 0° C. to 1^ C. by the combustion with oxygen of 1 
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gramme of different substances 

'^ Hydrogen, uvv*^ 
Carbon, . . 
Phosphorus, 
Sulphur, . . 
Marsh gas, . 
Alcohol, . . 
Ether, . . 

Before combustion will take place, a certain amount of heat 
must be applied. 

Different substances require different temperatures to bring 
about combustion. 

In combustion, gaseous matter is not luminous until a tem- 
perature of about 2000° F. is reached. 

Solids are red-hot at a temperature of about 900° F. 



34,462 grammes water, f^^ 

8,080 

5,747 

2,221 
13,063 

6,909 
' 9,027 



EFFECTS OF HEAT. 

Temperoiure is the Manifestation of Heat, — A very large amount 
of heat may be present and the substance have a very low tem- 
perature, and vice versd, . ,. ^ - y^ 

The tendency of heat is to augment the volume of matter by 
increasing the intermolecular spaces. 
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(a) Solids, — As a rule, all solids expand on the application of 
heat. No two solids expand equally . 

Table showing the expansion in volume of solids when heated from 
32° F. to 212° F. 



Glass, 

Platinum, 

Iron, 

Gold, 

Silver, 

Lead, 

Mercury, . 



tAt 



(b) Liquids. — ^AU liquids expand on the application of heat, 
b ut no two expand e(|uallv. 
Heated from 32° F. to ^2° F.— 
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ct 



Mercury expands ^ of its volume. 
Water " ^ 

Alcohol " \ 

Water is at its maximum density at 4° C. (39.2° F.) 

Water at 0° C, when heated to 1° C, contracts and continues 

to contract until 4° C. is reached, when its volume is least. 

Heated beyond 4° C, it expands. 

(c) Gcwea.— All gases expand equally for equal increments 
of heat. 

The actual amount of expansion is equal to yf^ or -^^ of the 
volume of the gas for each degree Centigrade, and about -^q of 
the volume for each degree Fahrenheit above 32° F. 

273 volumes of a gas at 0° C. become 274 at 1° C. 

273 " " " 275 at 2° C. 

273 " " " 289 at 16° C. 

Or— 

3000 volumes of a gas at 0° C. become 3011 at 1° C. 
3000 " " " 3022 at 2° C. 

3000 " " " 3176 at 16° C. 



THERMOMETERS. 



Measurers of heat. 

Heat is the term applied to the agent itself. 

Temperature is the manifestation of heat. 
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In determining temperature, advantage is taken of the pro- 
perty of expansion of solids^ liquids and gcaea. 

Mercury is the liquid usually employed in thermometers, 
because of its having a great range of liquidity and of its regu- 
larity of expansion within certain limits. It is also very sen- 
sitive to heat. At high temperatures it does not expand equally, 
but its unequal expansion is nearly compensated by the expan- 
sion of the glass thermometer tube. 

The first mercurial thermometer was constructed by Fahren- 
heit, in 1714. Reaumur followed in 1730 and Celsius in 1742. 
The one constructed by the latter is also called the Centigrade 
{one hundred degrees) thermometer, and is employed almost uni- 
versally in scientific investigations. 

Fahrenheit made a mixture of two parts of ice and one of salt, 
and believed the temperature thus obtained to be the lowest 
attainable. He introduced a glass tube containing mercury into 
this mixture, and designated the height at which the mercury 
stood in the tube as the zero point. From this point to the 
freezing point of w flter the mercury expanded 32 parts in 10,000 
parts. On this account he designated the freezing point of water 
by the number 32. 

The tube containing the mercury was next introduced into 
boiling water, and it was found that, from the assumed zero point 
to the boiling point of water, the mercury in the tube had ex- 
panded 212 parts in 10,000, and on this account the boiling point 
of water was designated by the number 212. 

There are three systems of thermometers : — 







Zero 
Point. 


Freezing 
Point. 


Boiling 
Point. 


Belatlc 
eoclioi 


1. 


Fahrenheit, . 


. 0° 


32" 


212" 


9 


2. 


Reaumur, 


• 


0° 


80" 


4 


3. 


Centigrade (Celsius), 


• 


0" 


100" 


5 



To convert degrees of one system into another, 
Fahrenheit into Centigrade. — Deduct 32 from the temperature 
F., multiply by 6 and divide by 9. 

— 32 X 5 -5- 9. 

Example. 

F. 212° — 32° = 180° X 5 = 900° -j- 9 = 100° C. 
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Convert minus 40° F. into C. 

_40<' + —32° = —72° X 5 = —360° -+• 9 = —40° C. 

Fahrenheit into Reaumur. — Deduct 32 from the temperature 
F., multiply by 4 and divide by 9. 

— 32 X 4 -^ 9. 

Centigrade into Fahrenheit. — Multiply the temperature C. by 
9, divide by 5 and add 32. 

X 9 -f- 5 -f 32. 

The stem of a mercurial thermometer should be free from air. 
Its freedom from air may be determined by inverting the ther- 
mometer, and observing whether the mercury runs down to the 
end of the tube, with the production of a clicking sound. If the 
mercury will not run down to the end of the tube, it may be 
taken as evidence of the presence of air. 

The smaller the caliber of the tube containing the mercury 
the more sensitive the thermometer. 

Mercury freezes at —40° C. or —40° F. The Fahrenheit 
and Centigrade scales do not correspond at any other point. 

Alcohol thermometers (spirit thermometers) are mainly used for 
determining very low temperatures. 

Air thermometers are the most sensitive of all thermometers. 
These instruments are sensitive to the -^i^ of a degree F. 

Solids, as a bar of metal (platinum, etc.), are employed in the 
construction of instruments for determining very high tempera- 
tures. Such instruments are called pyrometers. 

Differential thermometers are used to determine differences of 
temperature between two portions of air. 

Registering thermometers are for the purpose of registering 
maximum and minimum temperatures. 

The clinical thermometer is a form of registering thermometer. 

* 

EQUALIZATION OF TEMPERATURE. 

May occur in three wayi 

1. Conduction. 

2. Convection. 

3. Radiation. 
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1. Conduction. — The flow of heat through an unequally heated 
body from places of higher to places of lower temperature. 

Different bodies possess very different conducting powers with 
respect to heat. 

(a) Solids. — Copper is a good conductor. Glass is a poor con- 
ductor. 

Tahle of conduction of heat by solids. 

Silver, . . . 1000 Tin, 145 

Copper, . . . 736 Iron, . . . .119 

Gold, .... 532 Lead 84 

Zinc, ...» 190 Bismuth, . • . 18 

(6) lAquids, as a rule, are poor conductors. The upper part 
of a glass tube containing water may be brought to the boiling 
point while the liquid just below is of ordinary temperature. 

(c) Oases are poor conductors. 

2. Convection, — The transference of heat from one place to 
another by the bodily moving of heated substances. The term 
convection is rarely applied to solids. Solids require some ex- 
ternal force to effect the conveyance ; liquids and gases do not. 

Water and gases are heated by convection. In heating water, 
the lower portion in the vessel becomes heated, expands, and 
thereby becomes less dense than the liquid above, consequently 
it rises, forming an upward current, while the cooler liquid 
above descends to take its place. 

3. Radiation. — ^The emission of heat, from a heated body, in 
straight lines or rays which pass through air without interrup- 
tion, and become absorbed by neighboring objects which happen 
to be presented to their impact. 

The power of radiation varies with different bodies. A rough 
surface is a better radiator than a polished surface. Color often 
affects the power of radiation. 

TRANSMISSION OF HEAT. 

1. Solids. — Solids vary in their power of transmitting heat. 
Rock-salt and air are the only substances known that are equally 
transparent or diathermous to all kinds of heat rays. 

2. Liquids. — Water absorbs a great amount of heat, and it is 
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owing to this fact that a moist atmosphere at a given temperature 
seems colder than dry air at the same temperature. 

0.4 % of water (moisture) in the atmosphere will absorb as 
much heat as is absorbed by the air through which the heat 
passes. 

3. Gases, — Gases vary in their power of transmitting heat. 
Hydrogen absorbs the greatest amount of heat of any gas known. 

\ of the solar heat is absorbed in passing through a layer of 
air 6000 feet in thickness. 

The Dew Point, — When air contains such an amount of water 
vapor that its temperature cannot be lowered without some of the 
water being precipitated in the form of a liquid, the air is said to 
be saturated, and the temperature is called the d&vo point. 

Th e quantity of water which the air is. capable of taking up 
d efends upon the temperature of the air. Air at 32° F. is capa- 
ble of holding about y^ of its weight of water, and its capacity 
is doubled for about every 27° F. 

To determine the dew point, cover the mercury bulb of a ther- 
mometer with a piece of wet muslin or of cotton, and swing the 
instrument several minutes to and fro in the air. The tempera- 
N"!^ ture indicated by the thermometer when the mercury ceases to 
^ r sink is the dew point. The dew point is usually 10° to 15° C. 
below the actual temperature of the air. 



y CAPACITY FOR HEAT. 

^ Capacity for Heat or Specific Heat, — To produce equal degrees of 

' ^ temperature in equal weights of different substances, different 

'^^mounts of heat are required. For example, it requires more 

heat to raise the temperature of one pound of water from 0° C. 

to 1° C. than to produce the same change of temperature in the 

same weight of mercury. 

The relative amount of heat required to raise equal weights of 
substances through equal degrees of temperature is called specific 
heat. 

Methods of determining specific heat, 

1. Observing the quantity of ice melted by a given weight of 
the substance heated to a certain temperature. 

2. Noting the time which the heated body requires to cool 
down through a certain number of degrees. 
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owing to this fact that a moist atmosphere at a given temperature 
seems colder than dry air at the same temperature. 

0.4 % of water (moisture) in the atmosphere will absorb as 
much heat as is absorbed by the air through which the heat 
l^asses. 

3. Oases, — Gases vary in their power of transmitting heat. 
Hydrogen absorbs the greatest amount of heat of any gas known. 

■J- of the solar heat is absorbed in passing through a layer of 
air 6000 feet in thickness. 

The Dew Point, — When air contains such an amount of water 
vapor that its temperature cannot be lowered without some of the 
water being precipitated in the form of a liquid, the air is said to 
be saturated, and the temperature is called the dew point 

Th e quantity of water which the ai r is capab le of taking up 
d efends upon the temperature of the air. Air at 32*^ F. is capa- 
ble of holding about yJ-^- of its weight of water, and its capacity 
is doubled for about every 27° F. 

To determine the dew point, cover the mercury bulb of a ther- 
mometer with a piece of wet muslin or of cotton, and swing the 
instrument several minutes to and fro in the air. The tempera- 
'^^ ture indicated by the thermometer when the mercury ceases to 
sink is the dew point. The dew point is usually 10° to 15° C. 
below the actual temperature of the air. 



CAPACITY FOR HEAT. 

Capacity for Heat or Specific Heat — To produce equal degrees of 
temperature in equal weights of different substances, different 
^^^mounts of heat are required. For example, it requires more 
heat to raise the temperature of one pound of water from 0° C. 
to 1° C. than to produce the same change of temperature in the 
same weight of mercury. 

The relative amount of heat required to raise equal weights of 
substances through equal degrees of temperature is called specific 
heat. 

Methods of determining specific heat 

1. Observing the quantity of ice melted by a given weight of 
the substance heated to a certain temperature. 

2. Noting the time which the heated body requires to cool 
down through a certain number of degrees. 
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3. Subjecting different substances to the same amount of heat. 

4. Mixing liquids of different temperatures and observing the 
temperature of the mixture. 

Examples, 

1 lb. of water at 100° C. 

" U « 4()0 Q^ 



2)140 



Temperature of the mixture 70° C. 

1 lb. of water at 100° C. 
" olive oil " 40° C. 

The temperature of this mixture is not the mean of the two 
temperatures (70° C), but 80° C, showing that water has about 
twice the capacity for heat that oil has. 

1 lb. of water at 100° C. 
" mercury " 40° C. 

The temperature of this mixture is 98° C. 

Freezing mixtures, 

2 parts snow and 1 part sodium chloride reduce temp, to — 4° F. 

2 " " " 3 parts calcium chloride ** " to— 50°F. 

Specific Seat of Solids and Liquids. — Water has the greatest 
capacity for heat of all solids and liquids. 

Oases differ in their capacity for heat. 

Hydrogen has the gr eatest Cjjjiadty for heat of any known 
substance. ~ 

Table showing the specific heat of certain solids and liquids, 
(Water, taken as standard, 1000°.) 



SOLIDS. 




LIQUIDS. 




Charcoal, . . 


241° 


Alcohol, . . 


505° 


Iron, . . . 


113° 


Chloroform, . 


230° 


Zinc, . . 


95° 


Bromine, . . 


106° 


Mercury, . . 


33° 







Hydrogen has the highest specific heat, 5880°. 
Uranium has the lowest specific heat, 27°. 
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owing to this fact that a moist atmosphere at a given temperature 
seems colder than dry air at the same temperature. 

0.4 % of water (moisture) in the atmosphere will absorb as 
much heat as is absorbed by the air through which the heat 
passes. 

3. Oases, — Gases vary in their power of transmitting heat. 
Hydrogen absorbs the greatest amount of heat of any gas known. 

\ of the solar heat is absorbed in passing through a layer of 
air 6000 feet in thickness. 

The Dew Point, — When air contains such an amount of water 
vapor that its temperature cannot be lowered without some of the 
water being precipitated in the form of a liquid, the air is said to 
be saturated, and the temperature is called the dew point. 

The quantity of water which the air is capable of taking up 
d efends upon the temperature of the air. Air at 32° F. is capa- 
ble of holding about y^ of its weight of water, and its capacity 
is doubled for about every 27° F. 

To determine the dew point, cover the mercury bulb of a ther- 
mometer with a piece of wet muslin or of cotton, and swing the 
instrument several minutes to and fro in the air. The tempera- 
\^^ ture indicated by the thermometer when the mercury ceases to 
sink is the dew point. The dew point is usually 10° to 15° C. 
below the actual temperature of the air. 



CAPACITY FOR HEAT. 

Capacity for Heat or Specific Heat — To produce equal degrees of 
temperature in equal weights of different substances, different 
'^mounts of heat are required. For example, it requires more 
heat to raise the temperature of one pound of water from 0° C. 
to 1° C. than to produce the same change of temperature in the 
same weight of mercury. 

The relative amount of heat required to raise equal weights of 
substances through equal degrees of temperature is called specific 
heat. 

Methods of determining specific heat, 

1. Observing the quantity of ice melted by a given weight of 
the substance heated to a certain temperature. 

2. Noting the time which the heated body requires to cool 
down through a certain number of degrees. 
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3. Subjecting different substances to the same amount of heat. 

4. Mixing liquids of different temperatures and observing the 
temperature of the mixture. 

Exampha, 

1 lb. of water at 100° C. 
" " " 40° C. 
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Temperature of the mixture 70° C. 

1 lb. of water at 100° C. 
" olive oil " 40° C. 

The temperature of this mixture is not the mean of the two 
temperatures (70° C), but 80° C, showing that water has about 
twice the capacity for heat that oil has. 

1 lb. of water at 100° C. 
" mercury " 40° C. 

The temperature of this mixture is 98° C. 

Freezing mixtures, 

2 parts snow and 1 part sodium chloride reduce temp, to — 4° F. 

2 " " " 3 parts calcium chloride ** " to— 50°F. 

Specific Heat of Solids and Liquids. — Water has the greatest 
capacity for heat of all solids and liquids. 

Oases differ in their capacity for heat. 

Hydrogen has the g r eatest c MJ^ftcity . fbo:.^ heat of any known 
substance. ' 

Table showing the specific heat of certain solids and liquids, 
(Water, taken as standard, 1000°.) 



SOLII>S. 




LIQUIDS. 




Charcoal, . . 


241° 


Alcohol, . . 


605° 


Iron, . . . 


113° 


Chloroform, . 


230° 


Zinc, . . . 


95° 


Bromine, . . 


106° 


Mercury, . . 


33° 







Hydrogen has the highest specific heat, 5880°. 
Uranium has the lowest specific heat, 27°. 
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241° of heat applied to a certain weight of charcoal will indi- 
cate the same increase of temperature as 1000° applied to the 
same weight of water. 

LATENT HEAT. 

Latent heat is heat not manifes ting itself as temperature. 
Bodies absorb a certain quantity of heat whick is not indicated 
by the thermometer. 

Example. 

1 lb. of water at 0° C. ) 2 lb. of water at 39.5° C. 
lib. Of ice at OOC j^^^^^^^^^^^^^^^ 
1 " "water " 79° C J 

In the latter example, a change of state has occurred. A 
solid, ice, is converted into a liquid. It requires 79° C. to con- 
vert ice at 0° C. into water at 0° C, i. e., as much heat has been 
rendered latent as would heat an equal weight of water from 0° 
to 79° C. 

W henever a change in state of aggre gati on occurs, heat is 
either rendej:.ed latent ox .latent heat is made manifest. 

1. Solid to Liquid State, — A solid can never become liquid until 
a certain amount of heat is applied, which is rendered latent. 

2. Liquid to Oaseovs State. — Heat is rendered latent, as in the 
case of solids. 

Example. 

Water heated to boiling cannot be heated above 100° C. at 
ordinary atmospheric pressure, no matter how much heat be 
applied. 

A lic|uid boils when a vapo r is produced of sufficient tension 
to overcome the attraction of aggregation arid pressure ilj)ofirTfie 
liqurJT^ • — ^" 

The density of a liquid does not control its boiling point. As 
the attraction of aggregation differs in liquids, so does the boiling 
point. 

Pressure influences the boiling point. The boiling point di- 
minishes as the pressure diminishes, and increases as the pressure 
increases. 

Water boils at elevated places at a lower temperature than at 
the level of the sea. In some elevated places water boils at a 
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temperature lower than that required to coagulate the albumen 
of an egg. (Quito, in Ecuador, is an example.) 

Certain salts in solution in water increase the boiling point 
because of the increase in the attraction of aggregation. 

3. Gaseous to Liquid State. — Before gases become liquid, latent 
heat is developed which manifests itself as temperature. 

Steam at 100'^ C, before it becomes water at 100° C, must 
give up heat sufficient to heat its own weight to 536° C. 

4. Liquid to Solid State, — When a liquid changes to the solid 
state a certain amount of heat is made manifest. 

Example, 

The slaking of lime. 

CaO + HaO = Ca(OH),. 



CHEMISTRY. 

Chemistry is the science which treats of the properties and 
laws relating to the ultimate molecules and atoms of matter. 

All matter is made up of molecules, and molecules are made up 
of atoms. 

All matter as found in nature is either elementary or com- 
pound. 

Elementary matter or an element is matter composed of atoms 
similar in kind, — matter which cannot be resolved into anything 
simpler. 

Iron, gold and hydrogen are examples of elementary matter. 
These substances cannot be resolved into anything simpler. 

Compound matter is matter composed of atoms dissimilar in 
kind, — matter which may be resolved into simpler matter. 

Water and common salt are examples of compound matter. 
By appropriate means water may be resolved into simpler mat- 
ter — two gases, hydrogen and oxygen, but these gases being 
elementary forms of matter cannot be resolved into anything 
simpler. 

The ffreai mass of matter is in the compound state. There are 
from 65 to 70 elementary substances known at present. Some of 
these elementary substances are rare, while others are widely 
distributed. 

Oxygen is the most widely distributed element in nature, 
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occurring in most of the mineral and vegetable structures. 
Lithium is one of the rarer elements. 

Most compound substances are composed of but a few of these 
elements. 

Elementary forms of matter or elements in chemistry are repre- 
sented by symbols, formed generally of the initial letter of the 
Latin name of the element, as O = oxygen, H = hydrogen, 
Hg = mercury, C = carbon, Na = sodium. 

The symbol represents not only the eUmeni itself, but also a 
definite quantity of it by weight, called the cdomie weight. It also 
represents the equivcdence (valence) of the element. 

Each symbol represents one atom of the element for which it 
stands, and consequently. expresses a definite weight and volume 
of the element. 

The weight of an atom of hydrogen is less than the weight of 
an atom of any other element. For convenience, the value 
of the symbol of hydrogen (1) is considered as unity, and the 
values of all other symbols as greater than unity. (Na = 23. 
CI = 35.5. = 16.) 

Chemical Combination. — In order to indicate combination 
between two or more elements their symbols are placed side by 
side, thus, HCl, hydrochloric acid; NaCl, sodium chloride. 
When a molecule of a compound contains more than one atom 
of each or any of its constituents, the number of atoms is 
indicated by a small figure placed below the line and directly to 
the right of the symbol. 

Thus, the formula for water, HgO, represents two atom^ of 
hydrogen united with one atom of oxygen, and NajSO* means 
that two atoms of sodium, one atom of sulphur, and four atoms 
of oxygen are bound together in sodium sulphate. 

The formula, taken as a whole, is generally assumed to repre- 
sent a molecule of the compound. The relative weight of the 
molecule is easily found by adding together the atomic weights 
represented by the several symbols of which it is made up. This 
weight is called the molecular weight. In order to express two 
or more molecules a figure is placed at the beginning of the 
formula, and must be understood to multiply every symbol that 
follows it. For example, 3H2O represents three molecules of 
water, each consisting of two atoms of hydrogen with one atom 
of oxygen ; in all six atoms of hydrogen and three atoms of 
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oxygen. Occasionally brackets have to be introduced when some 
group of symbols occurs more than once. Ferric sulphate, for 
example, has the formula Fe2(S04)s. 

The elements are divided into two classes — metals and non-metals. 

The metcds are electro- yositive * 

The non-mstals are eleetro- negoitive . 

For example, when a current of electricity is passed through 
water, decomposition of the water occurs, hydrogen is evolved 
at the negative pole, and oxygen at the positive pole ; therefore 
hydrogen is termed positive and oxygen negative. 

The elements differ in their e lectrical intensit y. Oxdum, is the 
strongest of the electro-positive elements. Oxygen is the strongest 
of the electro-negative elements. 

EXAMPLES OP ELECTRO-POSITIVE ELEMENTS ARRANGED IN THE 
ORDER OF THEIR ELECTRICAL INTENSITY. 

Csesium (strongest electro-positive). 

Rubidium. 

Potassium. 

Sodium. 

Lithium. 

The elements are also divided into groups according to their 
equivalence (valence) or saturating power compared with hydrogen 
as unity, i. e,^ Monads, Diads, Triads, Tetrads, Pentads, Hexads, 
and Heptads. 

Elements having an even equivalence are termed artiads, and 
those having an odd equivalence are termed perissads. 

The elements may be arranged in groups based on the increase 
of their atomicjreights according to the Periodic Law of Men- 
delejefT. 

Chemical compounds are always definite in composition. 

Example. 

The molecule of water (HgO) is composed of two atoms of 
hydrogen and one atom of oxygen. The composition of water 
never varies from this. The formula H2O does not mean two 
parts by weight of hydrogen and one part by weight of oxygen, 
but represents two parts by weight (twice the atomic weight) of 
hydrogen in combination with sixteen parts by weight (once the 
atomic weight) of oxygen. The formula NagSO*, sodium sulphate, 
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represents twice the atomic weight or forty-six parts by weight 
of sodium in combination with once the atomic weight, or thirty- 
two parts by weight of sulphur, and four times the atomic weight 
or sixty-four parts by weight of oxygen. 

Chemical combination takes place between elements because of 
the di fference i n their ele ctric al conditions. An electro-positive 

element may combine with an electro-negative element to form 

+ _ 

a compound, as Ca with O = Ca O. 

A strong electro-positive element may displace a weaker 

electro-positive element, as — 

Ka + HaO = KjO + H,, 

and a strong electro-negative element may displace a weaker 
electro-negative element. 

Elements in the same electrical condition may enter into com- 
bination with each other. In such a case one of the elements 
must be stronger electrically than the other, and thus throw the 
weaker into the opposite electrical condition. 

Example. 

Negative sulphur may unite with negative oxygen to form 
the compound sulphurous anhydride. 

/■+\= so,. 

In this example the sulphur is thrown into the electro-positive 
condition. 

In chemical combination it does not necessarily follow that the 
resulting compound is neural The negatLy^ or the positive 
property may predogiinate, or the compound may be neutral. 

K2O, potassium oxide, a compound having positive properties. 

SOs, sulphuric anhydride, a compound having negative pro- 
perties. 

MnOs, manganese dioxide, a neutral compound. 

CLASSIFICATION OP INORGANIC COMPOUNDS. 

Inorga nic compounds, with very few exceptions, may be con- 
sidered as belonging to one of three classes : — 

I. Oxides, example, KjO. 
II. Acids, " HCl. 
III. SalU, " NaCl, Na^SO^. 
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I. Oxides. 

An oande is a binary compound made up of two elements, one 
of which is oxygen. 
There may be oxides of all the elements except fluorine . 
There are three groups of oxides : — 

(a) Basic oxides. 

(b) Neutral oxides. 

(c) Oxyacid radicals. 

(a) Basic oxides are oxides of the metals in which the inten*. 
sity of the positive element predominates. (All oxides of the 
metals are not basic oxides.) Basic oxides turn red litmus paper 
blue. 

(b) Neutral oxides are oxides in which the elements just neu- 
tralize each other. There are neutral oxides of the non-metall ic 
elements and of the metal s. 

(c) Oxyacid radicals are oxides of the non-metallic elements 
(except H and Fl) and higher oxides of weaker electro-positive 
m^etelg. Hydrated oxyacid radicals change blue litmus paper 
red. 

A radical is a chemical combination of two or more elements 
capable of playing the part of an elementary form of matter. 

(a) Basic oxides follow one or other of five forms : — 

1. Two atoms of the metal with one^of oxygen, called suboxide, 
as, KjO, NaaO, Ag^O, etc. 

2. One atom of the metal with ong. of oxygen, called ^ro^o^i^, 
as, CaO, BaO, CuO, etc. 

3. Tivo atoms of the metal with threeof oxygen, called sesgrn- 
qadde, as, FcaOs, AlaOs, CrjOs, etc. 

4. One atom of the metal with two atoms of oxygen, called 
binoxidey as, PbOj, IrOj, PtOa, etc. They are feebly basic and 
sometimes act as acid radicals. 

5. One atom of the metal with three atoms of oxygen, called 
triQxide^ as, UrOj. . ' ' 

(b) Neutral oxides may be oxides of the metals or of the non- 
metals. They do not change litmus. 

Ikamples» 
HaO, CO, MnO„ PbO,. 

(c) Oxyacid radicals are mostly oxides of the non-metals. 
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Only a few are oxides of the metals. Thfirfi may hft gfiYpml 
o xyacid radicals of lilxfi_ 8ame ele ment. They are usually called 
anhydrides. Th ey com bine with_ the elements of water to form 
oxyacicis. 

The name of an oxyacid radical is determined by the positive 
element, and the members of a group composed of the same ele- 
ments are distinguished by the difference in the terminations of 
the name of the individugTm^mbers of the group. 

The name of the most stable compound of the group terminates 
in ic. The compound containing less oxygen in proportion to the 
positive than the compound terminating in tc, terminates in ous. 
The compound under^ne, ou8 compound^ in the proportion of 
oxygen, is prefixed by hypo and terminates in oua. The com- 
pound above the io compound in the proportion of oxygen, is 
prefixed by hyper and terminates in tc. 

Examples, 

Anhydrides of Sulphur, 
SO, Hypo^\x\^\L\3iTous a nhydride or oxide. (Has never 

been isolated.) ~ 

80a, Sulphur(m« 
SOa, Sulphuric 
SsOt, jB^iipersulphuric 

Anhydrides of Chlorine, 

CI2O, Hypoc^lorous anhydride or oxide. 
CljOs, CYAorous 
CIA, ChlQric 
CI2O7, Hyperohioric 

Anhydrides of Nitrogen. 

NaO, Hypomivous anhydride or oxide. 
NaOs, Nitroi^ " " " 

NaOs, ]^itric " " " 

Anhydrides of Phosphorus, 

PaO, £r^j9ophosphoroti« anhydride or oxide. 
PaOs, Phosphorot*« 
PaOs, Phosphoric 

Anhydrides of Arsenic, 

AsaOs, Arseniotid anhydride. 
AsaOs, Arsenic " 
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Anhydrides of Chromium, 

CrOs, ChromwLanhydride or oxide. I 

CrA, Hyperchxomic " " " ^ 

Anhydrides of Tin. 
SnOa, StannicLiinhydride or oxide. 
SdsOio, ifeto-stapnic " " " 

II. Acids. ^ 

An acid is a chemical compound capable of uniting with and 
neutralizing a base. 

All ac ids^ contain hyd rogen. 

Acids may be divided into two classes : — 

1. Hydrogen adds. 

2. Oxyadds. 

1. A hydrogen acid is a binary compound containing hydrogen 
in combination with one of the following electro- negativ e ele- 
ments, viz., CI, I, Br, Fl, S, Se/Xe, and As, Sb, P. 

They may be named by giving the name of the electeojgositive 
element, first, as HCl, hydrochloric acid, or by reversing and 
giving the name of the electro-negative element first, as HCl, 
chlorhydric acid. The names of all hydrogen acids terminate 
in ie, but all acids terminating in ic are not necessarily hydrogen 
acids. 

Examples, — Monivalent. ! 

HCl, Hydrochloric acid. 
HBr, Hydrobromic " 
HI, Hydriodic 
HFl Hydrofluoric " 

Divalent 

HoR^ Hydrosulphuric acid. 
HjSe, Hydroselenic " 
HaTe, Hydrotelluric 

Trivalent 
HjAs^ Arsenuretted hydrogen. 
HsSb, Antimonuretted " 
HgP, Phosphoretted " 

2. An oxyacid is a hydrate of an oxyacid radical. All oxyacids 
contain oxyjgen. 
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Examples, 

Oxyadds of Sulphur, in which one molecule of the oxyacid 
radical enters into combination with one molecule of water to 
form one molecule of acid. 



SO 

SO, 

SO3 



+ H,0 = 



HjSOa, Hyposulphurous acid. 
HaSOj, Sulphurous 
H2SO4, Sulphuric 
HaSA, Hypersulphuric 



(( 



(I 



(I 



. + H,0 = 



U 



(t 



I( 



Oxyadds of Chlorine, in which one molecule of the oxyacid 
radical enters into combination with one molecule of water to 
form two molecules of acid. 

^ 2HC10, Hypochlorous acid. 
2HC10,, Chlorous 
2HCIO3, Chloric 
2HCIO4, Hyperchloric 

Oxyadda of Nitrogen, in which one molecule of the oxyacid 
radical enters into combination with one molecule of water to 
form two molecules of acid. 

2HN0, Hyponitrous acid. 
2HN0a, Nitrous 
2HN0„ Nitric 



01,0 
CIA 
CIA 
CIA 



N,0 

NA 

NA 



+ H,0 = 



« 



t( 



Oxyadds of Phosphorus, in which one molecule of the oxyacid 
radical enters into combination with three molecules of water to 
form two molecules of acid. 

P2O ^ r 2H3PO2, Hypophosphorous acid. 

PA \ + 3H2O = < 2H3PO,, Phosphorous 
PaOfi J I 2H3PO4, Phosphoric 



« 



« 



Oxyadds of Arsenic, in which one molecule of the oxyacid 
radical enters into combination with \hs^ molecules of water to 
form tsco molecules of acid. 

r 

A8,03 I _i_ QTT n I 2H3A8O3, Arsenious aeid. H -^^ ^^ 

A82O5 I + ^^^^ "= 1 2H3A8O4, Arsenic Acid: 



III. Salts. 

A salt is a compound produced by replacing part or all of the 
hydrogen of an acid by a metal. 
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Salts may be arranged in three groups: — 

1. Simple salts, 

2. Oxysalts (compound salts), 

3. Double salts, 

(a) A simple salt is a binary compound in which the hydrogen 
of o ne or more molecules o f a hydrogen acid has been replaced 
by a metal. 

Or, a simple salt is a combination of a metal with one of the 
negative elements capable of forming a hydrogen acid. 

Example, 

The hydrogen in HCl may be replaced by sodium to form 

NaCl. 

HCl + NaOH = NaCl + H,0. 

In naming simple salts, the positive element is named first, and 
the name of the negative element terminated in ide follows, as 
NaCl, sodium chloride; KI, potassium iodwie ,'TPeS, ferrous 
sxxlphide. 

The names of all simple salts terminate in ide, 

FOR>fS OF COMBINATION AND NAMES OF SIMPLE SALTS. 

1. KaS^N aaS, AgSi subsulphide, indicating a combination of 

two atoms of the positive element with one 
atom of the negative. 

2. NaCl, KBr, C^protosvlphide, i, e,, a combination of one 

atom of the positive element with one atom 
of the negative. 

3. KaSs, AsaSs, sesquisulphide, i, e., a combination of two 

atoms of the positive element with three 
atoms of the negative, or in the proportion 
of one atom of the positive to one and one- 
half atoms of the negative element. 

4. CaClj, HgClg, bichloride, i, e., one atom of the positive 

element in combination with two atoms of 
the negative. 

5. AsCla, AuCls, trichloride, i. e., one atom of the positive 

element in combination with three atoms 
of the negative. 



us 



>«... > 
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6. PtCU, SnCU, tetraehloridef i. 6., one atom of the positive 

'"" element in combination with four atoms of 

the negative. 

7. SbCls , PCls, pentaMoridef i, e,, one atom of the positive 

element in combination with five atoms of 
the negative. 

8. AsgSs, K2S5, i, e., two atoms of the positive element in 

V^_ combination with five atoms of the nega- 
^iver>~generally called penta compounds. 
Example,^^Wi^QtBasic pentasulphide. 

9. FeQClei AljCle, i. e., two atoms of the positive element in 

combination with six atoms of the nega- 
tive, generally called seaqui compounds. 
10. WoCle. 

(b) An oxysalt is a compound resulting from the replacement 
of part or all of the hydrogen in an oxyacid by a metal. 

Example, 

1. H,SO, + KOH = KH8O4 + H2O. 

2. H,Sd; + 2kOH = K,S04 + 2H,0. 

In naming oxyaalts the name of the positive element precedes 
the name of the negative. The name of the compound may 
have the prefix hyper, or hypo, and may terminate in ate or He 
depending on the particular compound named. 

1. Oxyacids terminating in ic entering into combination with 
bases, form salts terminating in ate. 

Example. 

Sulphuric Acid. Potassium Sulpha/«. 

H^SO* + 2K0H = KaSO* + 2H,0. 

2. Oxyacids terminating in ou8 entering into combination 
with bases form salts terminating in ite. 

Example. 

Sulphurotw Add. Potassium Sulphite. 

H,80, + 2K0H = KaSOs + 2H,0. 

3. Oxyacids having the prefix hyper and terminating in ic, 
entering into combination with bases, form salts having the 
prefix hyper and terminating in ate. 
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Example. 

ffyperehlorie Acid. Fotassinm ffyperchloraie, 

HCIO4 + KOH = KCIO4 + H2O. 

4. Oxyacids haviDg the prefix hypo and terminatiDg in om, 
entering into combination with bases, form salts having the 
prefix hypo and terminating in ite. 

Example, 

HyponvilphvLVOiu Acid. Potassiam i^yposolphite. 

HSO, + 2K0H = K2SO, + 2H,0. 

Naming of Other Salts, 
KjiOfirOa = K2Cr04, Potassium mono-chromate. 
K20(Cr03)2 = KaCrjOT, Potassium di-chromate. 
K20(CrOs)8 = K2CrsOio, Potassium tri-chromate. 
KaOCCrOs)* = KgCr^Ois, Potassium tetra-chromate. 
(CaO)8P206 = Ca8(P04)2, Calcium tribasic phosphate^ 

(c) A double salt is a combination of two salts. 
There are three classes of dovble salts : — 

1. Resulting from the union of two simple salts. 

Example. 
(KCOaPtCl*, potassium platinic chloride. 

2. Resulting from the union of two oxysalts. 

Example, 

K2S04,Al2(S04)8 = K2Al2(S04)4, potassium aluminic sulphate. 
(Potash alum.) 

3. Resulting from the union of a simple scUt with an oxysaM. 

Example. 

CaCl2,CaCl202 = 2CaCl20, calcium hypochlorite. (Bleaching 
lime.) 

LAWS RELATING TO CHEMICAL COMBINATION. 
I. All chemical compounds are definite in their nature, and the 
ratio, by weight, of the elements composing a compound is 
constant. 

Example. 
Water is composed of 
Hydrogen, 11.11%. 
Oxygen, 88.89%. 

100.00 
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This being established, then water must always be of that 
percentage composition. 

The same elements, however, may unite in the same relative 
proportions by weight and produce entirely different compounds : 
L e,, differing in their physical, chemical and physiological 
properties. Such compounds are termed isomerJG, 

/""■■■^ •■*■«*.*. * tHlL_JIILUI. HI— IJIIll ■> >'" !»»■ ■■'^"■' "^ 

Example. 

Oil of turpentine, oil of lemon and o il of copaib a are composed 
of the'same elements in the same relative proportion by weight, 
namely, all three are composed of carbon and hydrogen in the 
proportion of 88.24% carbon and 11.76% hydrogen. 

II. If an element enters into chemical combination with 
another in more than one proportion, these proportions will bear 
a definite ratio to each other. „ \r 



Examples. V ^ '^ 

Water. Hjdrogen Peroxide. Carbon Monoxide. Carbon Dioxide. lA^' /i 

7 7 7 7 V 



J^'\ 



HI 1 

8 16 


C 3 
4 


3 N 7 
8 4 


MercurouB Qiloride. 

Hg 100 
01 17.75 


Mercuric Chloride. 

100 
35.5 


Methane. 

C 75f(6) 
H 23(2) 



Ethene. 

85.7 (6) 
14.3 ' (1) 

Until 1804, compounds were expressed by their percentage 
composition. 

Example. 
H = 11.11%. 
O = 88.89%. 

100.00 

Dalton, in 1804, observed the relation of the elements in the 
proportion of f and ^ in methane and ethene respectively, and 
concluded that it was proof of the existence of atoms. This was 
the beginning of the atomic theory. 

III. Dalton's Law. — The proportion by weight in which two 
or more elements enter into combination with any given element, 
represents the proportion by weight in which these elements will 
unite in pase they combine among themselves. 

These combining proportions by weight of the elements are 
called equivalent weights. 

Thus, the weights of two different elements, A and B, which 
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combine with a third, C, represent the proportions in which they 
will themselves unite together if union between them is possible, 
or they bear some simple relation to those proportions. Thus, 
85.5 parts of chlorine and 80 parts of bromine combine with 23 
parts of sodium. Then, according to the law, when chlorine 
combines with bromine, 35.5 parts of the former are required for 
every 80 parts of the latter. 

IV. Oay'Imssao^s Law. — All the elements capable of being 
vaporized, when taken in the proportion of their equivalent 
weights, will occupy in the gaseous state the same volume as 1 
part by weight of hydrogen, or i that volume. Sulphur, which 
is an exception, occupies in the gaseous state only i the volume 
of hydrogen, but when heated to 1000° C. it expands and occu- 
pies i the volume of hydrogen. 

1. Table of the volume occupied by the equivalent weights of the 
elements in the gaseous state, corrected for 0° C. and 760 mvi. 



1 grm, hydrogen 
14 grms. nitrogen 
35.5 " chlorine 
80 " bromine 
127 " iodine 
100 " mercury 
56 " cadmium 



t< 



8 
31 
75 
16 
16 



« 
it 

it 
« 



11.16 litres ^ 

11.16 

11.16 

11.16 

11.16 

11.16 

11.16 



oxygen 
phosphorus 
arsenic 
sulphur 

" at 1000° C. 



5.58 
5.58 
5.58 
1.86 
5.58 



« 
C( 

« 

« 
«( 
it 
ti 
tt 



equivalent volume 1. 



equivalent volume i. 



2. Volume occupied by compounds in the gaseous Hate, 



One-half 
the molecular -< 
weight. 

Once 

the molecular 

weight. 



9 grms. water 



= 11.16 litres. 



17 

22 
37 



« 



(( 



« 




sulphuretted hydro- 
gen 
carbon dioxide 
ethyl ether 

alcohol 

hydrochloric acid 
ammoniacal gas 



11.16 
11.16 
11.16 

22.32 
22.32 
22.32 



« 
« 

« 



y 
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U^.^-i^ 
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KELATION OP THE ELEMENTS TO SPECIFIC HEAT. 

W ater has the gr eatest capacit y for heat of all s ol ids and 
ljj)\ji(^fl- liyd rogen ha s the greatesT capacity for heiS of all 
^Down suMtapces. J Jranium nasthe lowest capacity for neat oi 
all known substances. 

When the elements in the proportion of their equivalent weights 
are multiplied by their specific heat a simple relation will be 
shown to exist between them. The result of the multiplication 
is approximately 6.4 or one-half that number. 

Thus, w^^.fir fj^lcftn m standai 





Specific Heat. 


EqulTalent 
Weight 


i 


Lithium, 


0.940 


X 


7 — 


6.58 


Sodium, 


0.293 


X 


23 — 


6.75 


Potassium, 


0,169 


X 


39 — 


6.61 


Arsenic, 


0.081 


X 


75 — 


6.11 


Phosphorus 


, 0.212 


X 


31 — 


6.57 


Mercury, 


0.032 


X 


100 — 


3.20 


Cadmium, 


0,057 


X 


56 — 


3.20 


Iron, 


0.113 


X 


28 — 


3.18 


Uranium, 


0.027 


X 


240 — 


6.60 



Uranium has the highest equivalent weight and the lowest 
specific heat of all the elements. 

Equivalent weight is the least proportion by weight in which 
an elemenl will enter into chemical combination with one pa rt 
b> weight of hydrogen. 

Examplea. 

8 parts, by weight, of oxygen will enter into combination with 
1 part, by weight, of hydrogen. 

100 parts, by weight, of mercury will enter into combination 
with 8 parts, by weight, of oxygen. 

1. Atomic weight according to spedfic gravity. 

The atomic weight of an element is its specific gravity in the 
gaseous state compared with hydrogen, with the exception of 
mercury and cadmium, in which the atomic weight is twice the 
specific gravity, and phosphorus and arsenic, in which the atomic 
weight is one-half the specific gravity. 



.^. 
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Examples. 







Atomic Wt. 


Hydrogen, spec. 


grav. 


— 1. 




Nitrogen, " 


(( 


= 14. 


The atom of nitrogen weighs 
14 times more than the atom 
of hydrogen. 


Iodine, " 


(( 


— 127. 


The atom of iodine weighs 
127 times more than the 
atom of hydrogen. 


Oxygen, " 


« 


— 16. 


The atom of oxygen weighs 
16 times more than the 
atom of hydrogen. 


Mercury, " 


(( 


= 100, 


atomic wt. 200. 


Cadmium, " 


it 


— 56 


" — 112. 


Phosphorus, " 


u 


— 62 


" — 31. 


Arsenic, " 


(( 


— 150 


" — 75. 



2. Atomic weight acco'rding to specific heat or capa/nty for heat. 

The atomic weight of an element is that proportion by weight 
in which it is normal in regard to its capacity for heat. This 
definition has n o exceptions. 

By capacity for beat of an element, is understood the quantity 
of heat necessary to raise the temperature of a given weight of 
the element from 0° to 1® C. compared with the amount of heat 
necessary to increase the temperature of an eqvxil weight of hydro- 
gen through the same range. 

Thus, since it requires 16 times more heat to raise the tempera- 
ture of one gramme of hydrogen from 0° to 1® C. than to heat 
an equal weight (1 gramme) of oxygen through the same range, 
it follows that the capacity for heat of hydrogen is 16 times greater 
than that of oxygen ; or, in other words, that the capacity for 
heat of oxygen is only -^ that of hydrogen. 

The proportion by weight in which an element is said to be 
normal in its capacity for heat, is that proportion by weight in 
which, on the application of a given amount of heat, the tempera- 
ture will be increased to just the same extent as that produced 
by the same quantity of heat when applied to the heating of one 
part by weight of hydrogen. 

Thus, if 16 parts by weight of oxygen and 1 part by weight 
of hydrogen be separately exposed to equal amounts of heat. 



UNIVERSITY OF PENNSYLVANIA, 47 

the temperature of both substances will be increased equally ; 
hence, 16 is the proportion by weight (H = 1) in which oaeygm 
is normal in its capacity for heat. 

3. The atomic weight of an element is represented by that num- 
ber which, when multiplied by the element's capacity for heat, 
will give a product of about 6.4. (See page 45.) 

The atomic vplurne of an element is the volume of an element 
in the gaseous state, when taken in the proportion of its atomic 
weight, compared with the volume of one part by weight of 
hydrogen. 

The atomic volume of all elements is 1, except mercury and 
cadmium, which is 2, and phosphorus and arsenic, which is i. 

Examples. 

1 grm. H = 11.16 litres, atomic vol. = 1. 
14 grms. N = 11.16 " " " = 1. 

16 *' = 11.16 " " " =1. 

The m olecular wei ght of an element or of a compound is a 
quantity of the element, or compound, twice its specific gravity 
in the gaseous state compared with hydrogen. 

Examples, 

Elements — Specific gravity of N, in the gaseous state, compared 
with H is 14. Twice 14 = 28, the molecular weight of N. 

Specific gravity of O, in the gaseous state, compared with H 
is 16. Twice 16 = 32, the molecular weight of O. 

Specific gravity of Hg, in the gaseous state, compared with H 
is 100. Twice 100 = 200, the molecular weight of Hg (also 
atomic weight). 

Specific gravity of As, in the gaseous state, compared with H 
is 160. Twice 160 = 300, the molecular weight of As. 

Examples. 

Compounds — Specific gravity of water, in the gaseous state, 
compared with H is 9. Twice 9 = 18, the molecular weight of 
H,0. 

Specific gravity of carbon dioxide, in the gaseous state, com- 
pared with H is 22. Twice 22 = 44, the molecular weight of 
CO,. 
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Specific gravity of acetic acid, in the gaseous state, compared 
with H is 30. Twice 30 = 60, the molecular weight of CaHiOa. 

It follows, therefore, that the molecular weight of an element or 
of a compound in the gaseous state occupies tvnce the volume of 
one part by weight of hydrogen. This is known as the molecu- 
lar volume of an element or of a compound. 

Thus, 

occupies 11.16 ^i^re^, atomic volume. 



« 



1 grm, hydrogen 

2 grms. 
28 
71 
18 
44 
34 



« 



« 



(( 



(( 



(( 



nitrogen 

chlorine 

water 

carbon dioxide 

hydrogen peroxide 



occupy 22.82 
22.32 



(( 



« 



(( 



(( 



« 



22.32 
22.32 
22.32 
22.32 



molecular volume. 



The molecular volume of an element or of a compound is a 
volume of the element or compound twice the volume of the 
atom of hydrogen. 

The molecular volume of elements and of compounds is 2. 



Bqulv. Wt. 


At. Wt. 


Molec. 'n 


rt. At Vol. 


Molec 


H — 1 


1 


2 


1 


2 


0—8 


16 


32 


1 


2 


N — 14 


14 


28 


1 


2 


Hg — 100 


200 


200 


2 


2 


Ab — 75 


75 


300 


i 


2 



Atomicity (^Quantivalence, Valence, Equivalence), 

The elements combining in the proportion of their atomic 
weight possess different saturating powers. The saturating power 
is referred to hydrogen as unity. 

Examples. 
HCl + Na = NaCl + H. 

The saturating power of Na is equivalent to one atom of H. 
2HC1 + Ca = CaCU + H,. 

The saturating power of Ca is equivalent to two atoms of H. 
3HC1 + Au = AuCls + Hs. 

The saturating power of Au is equivalent to three atoms of H. 
4HC1 + Pt = PtCl4 + H4. 
The saturating power of Pt is equivalent to four atoms of H. 



^ £iy/'X "^ 
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The elements are arranged, according to their saturating power, 

into six groups : — 

Monads, as P, Na, Ag. 

Diads, " O, Ba, Sr. 

Triads, " Bi, Sb, S* 

Tetrads, " C, Sn, Pt. 

Pentads, " Ta, y. 

Hexads, " Ur, Mo. 

The elements having an even equivalence, as 2, 4, 6, are termed 
artiada, and those having an uneven equivalence, as 1, 3, 5, are 
termed permada. 

The combining proportion of a compound is always equal to the 
sum of the atomic weights of its molecular constituents. « 

Exampi;: 

Molecular wt. of HjO = 18. 

When water enters into combination, it does so always in the 
proportion of its molecular weight or a multiple or sub-multiple 
of that number. 



Na^O = 62 molec. wt. 
MgO ==40 
FeO = 72 
HCl = 36.5 
CO, =44 
HjjSO* = 98 



* >■ electro-positive compounds. 

* >• electro-negative compounds. 



These numbers are made use of in calculating the quantity of 
different substances required in preparing exact quantities of 
chemical compounds. 



Examples. 






Moleo. wt. 62 


Molec Wt. 44 


Molec. Wt. 106 


Na,0 


+ CO, = 


Na^COs. 



62 parts of NaaO and 44 parts of CO, are required to form 106 
parts of NaaCOs. 

Molec. Wt 72 Molec. Wt. 98 Molec. Wt. 162 

FeO + H,S04 = FeSO* + H^O. 

To prepare ferrous sulphate, FeS04, 72 parts, by weight, of 
FeO and 98 parts, by weight, of HaSO* are required to produce 
152 parts of the sulphate. If an excess of the acid be employed. 
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another compound of iron will be formed, ferric sulphate, 

Fe2(S04)8. 

Twice the molecular weight, or 73 parts, by weight, of HCl are 
equivalent in saturating power to 98 parts, fey weight, of HjSO^. 
Therefore, a given weight of a chloride may contain more of the 
positive element than the same weight of a sulphate of the same 
positive element. 

Example, 

10 grammes of strychnine chloride contain more strychnine 
than 10 grammes of strychnine sulphate. Thus, 10 grammes 
of the chloride, C21H22N2O2 HCl, contain 9.01 grammes of strych- 
nine, while 10 grammes of the sulphate, (C2iHaaN202)2 H2SO4- 
7H2O, contain 7.48 grammes strychnine. 

Molec.Wt. Molec. Wt. Qrammes Grammes 

StrychDine Chloride. Strychnine. Strychnine Chloride. Strychnine. 

370.5 : 334 :: 10^ : 9.01 

Molec Wt. Twice the Molec. Wt. Qrammes Qrammes 

strychnine Sulphate. Strychnine. Strychnine Sulphate. Strychnine. 

892 : 668 : : 10 : 7.48 

METHODS OF ANALYSIS OF INORGANIC COMPOUNDS, AND 
THE EXPRESSION OF THEIR COMPOSITION 

BY FORMULAE. 

AncUysia. — (a) Qualitative. — ^The determination of the elements 
entering into the composition of the compound. 

(6) Quantitative, — The estimation of the quamiity of each ele- 
ment entering into the composition of the compound. 

Method of Deducing Formulce from the Besulta of a Quantitative 
Analysis, — 1. Suppose, by qualitative analysis, a certain com- 
pound is found to be composed of Fe and SO4. 

A given weight of the compound is dissolved in water, and the 
iron precipitated by (NH4)2S as sulphide, FeS, which is collected 
on a filter, washed, dried and weighed. The sulphuric acid in 
the filtrate is precipitated by BaCl2 as BaSO^, which is also col- 
lected on a filter, dried and weighed. 

Then, 

Molec. Wt. FeS. Atomic Wt. Fe. 

88 : 56 : : wt. of prec. of FeS : x = the 
quantity of Fe. 



- «. * * ^ 
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And 
Molec. Wt. BaSO^. Molec. Wt. 8O4. 

233 : 96 : : wt. of prec. of BaSO* : a? = the 
quantity of SO4. 

2. To deduce a formula from the above results, make the pro- 
portion : — 

As the quantity of the positive element is to the quantity of 
negative, so is the atomic weight or the molecular weight of the 
positive to a; = the quantity of negative. Then divide x by the 
atomic weight of the element or the molecular weight of the 
compound implied. 

Examaples, 

(a) 10 parts of a substance furnished. 
Fe 3.684 parts. 
SO4 6.316 " 

Then, 

Atomic Wt. Fe. Molec. Wt SO4. 

3.684 : 6.316 : : 56 : 96 -?- 96 = 1 (SO4), 

i, e., there are in combination with 56 parts of iron (once the 
atomic wt. of Fe) 96 parts of SO4 (once the molecular wt. of 
SO4), therefore the formula for the compound is FeS04, ferrous 
sulphate., 

(6) 10 parts of a substance furnished. 
Fe 2.8 parts. 
SO4 7.2 « 

Then, 

Atomic Wt. Fe. Molec. Wt. SO4. 

2.8 : 7.2 :: 56 : 144 -?- 96 = 1.5 (SO4), 

1. e., there are in combination with 56 parts of iron (once the 
atomic wt. of Fe) one and a half times the molecular weight of 
SO4. As a half molecule is not admissible, the formula must be 
Fe;,(S04)3, ferric sulphate. 

(c) 953 parts of a substance containing water of crystallization 
furnished. 

NaaO 206 parts. 1 __ oeq ^^-ug Molecular wt. of NajO = 62. 
COa 147 " ) <>pans- 

H,0 600 " " " CO, = 44. 

Then, 

Molec. Wt Na^O. Molec. Wt COa. 

206 : 147 :: 62 : 44.2 -5. 44 = 1 (COO, 
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therefore the formula is NajCOs, and 

Quant. HaO. Molec. Wt. Na,COs. Molec. Wt. H|0. 

353 : 600 : : 106 : 180.1 H. 18 = 10 (H^O), 

i, e., for one molecule of NajCOs there are 10 molecules of HaO, 
therefore the formula of the compound is NaaCOs + lOHjO, 
sodium carbonate. 

MisceUaneoua Examples in Stoichiometry. 

1. How much Fe in 10 grammes FeS ? 

Molec. Wt FeS. Atomic Wt. Fe. 

88 : 56 : : 10 : r» = quant, of Fe. 

2. How much sulphide of iron (FeS) may be prepared from 
10 grms. Fe ? 

Atomic Wt. Fe. Molec. Wt FeS. 

56 : 88 :: 10 : r» = quant, of FeS. 

3. How much H38 by volume may be obtained from 10 grms. 
FeS? 

88 grms. PeS (once molec. wt.) will furnish 22.32 litres of H28. 

FeS + H,S04 = FeSO* + H^S. 
88 : 22.32 : : 10 : re = quantity by volume of HjS. 

4. How much HjS by weight may be obtained from 15 grms. 
FeS? 

88 grms. FeS (once molec. wt.) will furnish 34 grms. of HaS. 

Molec. Wt. H9S. 

88 : 34 : : 15 : r» = quantity by weight of H2S. 

5. How much oxygen by volume may be obtained from 20 

grms. KClOa ? 

KCIO3 = KCl + Os. 

Molecular weight of KClOa = 122.6 

Atomic weight of O = 16. 

One molecule of KClOs will furnish three atoms of O. 

Once the atomic weight (16) of oxygen in grammes will 
occupy 11.16 litres. 

3 X 11.16 = 33.48 litres, consequently one molecule, in grms. 
(122.6 grms.) KClOs will furnish 33.48 litres or 33480 c.c. 
oxygen. 

122.6 : 33480 : : 20 : re = number of c.c. oxygen furnished. 
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6. How much sulphuretted hydrogen by volume will be re- 
quired to precipitate 12 grms. As,Os as As^Ss? 

As,Os + 3H^ = AjbA + 3H,0. 

The molecular weight of As,Os is 198. 

" ofH^ is 34. 

Three molecules of H^S are required to precipitate one mole- 
cule of AsjOs. 

1 molecule, expressed in grammes, or 34 grms. of H^S meas- 
ures 22.32 litres ; 3 molecules = 3 X 22.32 = 66.96 litres or 
66960 C.C. 

198 : 66960 : : 12 : a; = number of c.c. HjS required. 

7. How much sulphuretted hydrogen by weight will be re- 
quired to precipitate 12 grms. of Ajb,Os as Ajb,Ss? 

AsaOs + 3HaS = AsaSs + 3H,0. 
Molecular weight of AsjOs = 198. 

" ofH,8 = 34. 

Three molecules of H26 are required to precipitate one mole- 
cule of AsjOs, consequently 3 X 34 == 102 grms. HjS are re- 
quired to precipitate 198 grms. AsjOs. 

198 : 102 : : 12 : a; = quantity by weight of H,S. 

8. How much AssOs are 15 grms. AbsSj equal to ? 

Molec. Wt. MolecWt. 
As^Ss ASgOg 

246 : 198 : : 15 : a; = quantity by weight of AsaOs. 

OXYGEN. 

Symbol, O; atomic weight, 16; atomic volume^ 1 ; molecular 
weight, 32 ; molecula r volume, 2 ; equivalent weight, 8 ; specific 
gravity compared with air, 1.1056 ; 16 grammes oxygen at 0° C 
and 760 mm. measure the same volume as 1 grm. hydrogen, ^ 
namely, 11.16 litres; 1 litre at 0^ C. and 760 mm. weighs 1.433 
grms. ; 100 cubic inches at 60^ F. and 30 inches pressure weigh 
34.27 grains; 16 grains measure 46.66 cubic inches. -' 

History. — Discovered August 1st, 1774, by Priestley, who 
called it " Dephlogisticated air." In 1775 Scheele, of Sweden, 
independently of Priestley, discovered it, and called it " Empy- 
real air." Condorcet studied it in 1777, and named it " Vital 

air." Lavoisier in 1778 named it oxygen, or acid-begetter, be- 

8 
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cause of his belief of its entering into the composition of all acids, 
and constituting their acidifying principle. 

-" Naturdt History, — Oxygen is the most abundant and most 
widely distributed of all the elements. Except in atmospheric 
air, it is always found in a combined state. 

Found in the three kingdoms : mineral, vegetable and animal. 

Nearly f of all terrestrial matter is oxygen. 

About ^ of the solid crust of the earth is oxygen. 

f of water is oxygen. 

^ by volume of the air is oxygen. 

48% of calcium carbonate, CaCOs (limestone), about 48% of 
aluminic oxide, AlaOs (clay), and about 63% of silica (SiOa), 
(the three chief constituents of the earth's crust), is oxygen. 
— -^, About \ of all growing vegetable matter is water, f of which 
; N ^' is oxygen. 

^ It is a constituent of organic compounds, as glucose, CeHuOe, 

starch, CeHioOs, urea, C0(NHa)2, etc. 

All organic compounds do not contain oxygen ; probably the 
great majority of them contain oxygen. 

About 76% of the tissues of living animals is water, f of which 
is oxygen. 

Preparation of Oxygen. — 1. It was first obtained (by Priestley) 
by heating, and thereby decomposing, mercuric oxide, HgO (red 
oxide of mercury), into its ultimate elements, mercury and oxy- 
gen. The oxygen is evolved as a gas, and the mercury remains 
in the metallic state : — 

HgO = Hg + O. 

How much oxygen by weight may be obtained from — say 15 
grms. of HgO ? 

The molecular weight of HgO is 216. 

Every 216 parts of HgO will evolve 16 parts of O : — 

Molec. Wt. HgO. Atomic Wt. O. 

216 : 16 :: 16 : r» = wt. ofO. 

How much oxygen by volume may be obtained from — say 16 
grms. HgO ? 
Every 216 grms. HgO will evolve 16 grms. oxygen. 
16 grms. oxygen measure 11.16 litres (11160 c.c). 

Molec. Wt. HgO. Litres. 

216 : 16 :: 11.16 : a; = vol. of O. 
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2. By decomposing manganese dioxide, MnO^, bj heat. 

2MnOa = Mn A + O, 
or at higher temperature, 

3MnOa = MnsO* + O,. 

3. By heating manganese dioxide, MnO^, with sulphuric acid. 

MnO, + H2SO4 = MnSO* + H,0 + O. 

4. By gently heating potassium bichromate, KiCraOy, with sul- 
phuric acid. 

KaCr A + 4H^04 = K^O, + Cr^CSOO, + 4H,0 + Os. 

5. By heating potassium chlorate, KCIO3. The KClOs before 
being heated is usually mixed with an inert substance, as MnO^, 
to moderate the violence of decomposition of the chlorate. The 
decomposition is effected in a copper or an iron retort. 

2KCIO3 = KCIO4 + KCl + O,. 

At a higher temperature, the potassium perchlorate, KCIO4, is 

decomposed. 

KCIO, = KCl + O4. 

The reaction is usually expressed, 

KClOs = KCl + Os. 

6. By heating potassium nitrate, 

Potass. Nitrite. 

KNO3 = KNO, + O. 

If the KNOs be heated at a high temperature the KNOj 
produced is decomposed, with the evolution of nitrogen and 
oxygen. " 

7. By bringing sulphuric acid in contact with metallic plati- 
num at a high temperature. 

H,SO, = H,0 + SO, + 0. 

8. By heating barium dioxide, BaO, (peroxide). 

Barium monoxide, BaO, when gently heated in the presence 

of air, takes up oxygen, with the formation of barium dioxide, 

BaOj. The latter compound when heated strongly gives up one 

atom of oxygen. 

BaO, = BaO + O. 
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By gently heating the barium monoxide, BaO, produced in the 
reaction, it takes up oxygen, forming barium dioxide, BaOg, 
which when strongly heated gives up oxygen, as in the reaction 
just given, thus making the preparation of oxygen by this method 
practically continuous. 

9. Pure oxygen may be obtained by the electrolytic decompo- 
sition of H2O. 

By the action of leaves of plants in sunlight on carbon di- 
oxide, the carbon is fixed, and oxygen is set free. 

Properties, — It is a colorless, odorless, tasteless gas. Density, 
16 times that of hydrogen. Sparingly soluble in water. Water 
will hold in solution 3 to 4% of oxygen. The lower the tem- 
perature of water, the higher its solvent power for oxygen, and 
the higher the temperature, the lower its solvent power for the 
gas. 

It was liquefied by Pictet, in 1877, by exposing it to a tem- 
perature of — 100° C. and a pressure of 300 atmospheres. 
Afterward it was found that it would become liquid at — 118** 
C. and a pressure of 50 atmospheres. Oxygen boils at a tem- 
perature of —225° C. 

Oxygen is a supporter of combustion, but not combustible. 

Examples, 

A spark brought into an atmosphere of oxygen bursts into 
flame. This property is possessed by only one other gas, viz., 
hyponitrous oxide, NjO. 

Sulphur burns more rapidly in an atmosphere of oxygen than 
in air (sulphurous anhydride, SO2, is formed). 

Lighted charcoal (carbon) burns more rapidly in oxygen than 
in air (carbon dioxide is produced). 

Ignited phosphorus burns in oxygen with increased vigor, 
forming phosphoric anhydride, PaOj. 

Certain substances which ordinarily undergo very slow oxida- 
tion in air, oxidize very rapidly in an atmosphere of oxygen ; 
for instance, hot metallic iron (a watch spring), when i)rought 
into an atmosphere of oxygen, burns (oxidizes) with great vigor, 
with the production of ferric oxide, Fe^Og. 

Physiological Properties, — Oxygen is absolutely necessary to 
sustain animal life. It enters into combination with the color- 
ing matter of the blood, hsemoglobin, CaeHKwsNiwOiaQFeSs, to 
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form oxyhsemoglobin, C636Hio«Nie40i89Fe8802 (molecular weight, 
14,161). The oxygen thus combined in oxyhsemoglobin is in 
rather feeble combination, and is readily given up in the organ- 
ism in the process of oxidation. Thus, arterial blood contains 
oxyhsemoglobin, which in its passage from the capillary blood- 
vessels through the tissues gives up its oxygen, is reduced, and 
appears in venous blood as haemoglobin, which again in the 
lungB combines with oxygen, to form oxyh«moglobin. U reduced 
in the tissues, and appears in the venous blood as haemoglobin, 
thus completing a cycle in carrying oxygen to satisfy the needs 
of the organism. 

The oxygen combined with hsemoglobin as oxyhsemoglobin is 
easily displaced by carbon monoxide to form carbonic oxide 
haemoglobin, CaeHioasNisiOiaFeSsCO, molec. wt. 14,157. In short, 
haemoglobin has a greater affinity for carbon monoxide than it 
has for oxygen, and when a mixture of the two gases is inhaled 
the haemoglobin will, in preference, combine with the carbon 
monoxide. 

Carbonic oxide haemoglobin in its passage from the arterial 
system through the tissues to the venous system does not give 
up its carbon monoxide, but is returned to the lungs as carbonic 
oxide haemoglobin. On continuously inhaling an atmosphere 
containing carbon monoxide a time arrives when the haemoglobin 
in the blood is largely or almost wholly in combination with 
carbon monoxide, the quantity of oxygen carried by any remaining 
haemoglobin as oxyhsemoglobin is insufficient for the needs of the 
organism, and consequently death ensues. This is the chemical 
explanation of death by carbonic oxide poisoning. (Carbonic 
oxide is contained in the gases emanating from lime-kilns in the 
process of burning lime, and is also largely contained in the illumi- 
nant called *' water gas.") The red color of arterial blood is due 
to oxyhaemog^lobinj^the purple-red color of venous bipod is due to 
haemoglobin (sometimes called reduced haemoglobin). Blood 
containing^carbonic oxide haemoglobin is rose-red in color. 

Haemoglobin, oxyhsemoglobin, carbonic oxide haemoglobin and 
methaemoglobin are definite crystalline chemical compounds. 
They are readily distinguished spectroscopically by the difference 
in their spectra. 

The presence of oxygen and of carbon dioxide in blood may 
be determined by withdrawing the gases from the blood contained 
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in a bulb, by means of Hufner's modification of Sprengel's 
pump, and collecting them in a eudiometer. On introducing a 
solution of barium hydroxide into the eudiometer the liquid 
T?ill become t^bp, due to the formation of barium carbonate, 
thus indicating the presence of carbon dioxide. On introducing 
a solution of pyrogallic acid and afterward a piece of caustic 
soda into the saine eudiometer, the liquid will become black, due 
to the action of the oxygen in the eudiometer on the alkaline 
solution of pyrogallic acid. The gas in the eudiometer will be 
almost entirely absorbed by the barium hydroxide and alkaline 
pyrogallic acid solutions ; any gas remaining unabsorbed is nitro- 
gen, which, in small quantity, is one of the constituents of the 
gases of the blood. 

Carbon Dioxide, CO2, is a normal constituent of the air. It is 
contained in the air in the proportion of from 2^ to 4 partsjn 
10,000 of dr^ (0.02 to 0.04%). Air containing 0.1% of CO, (10 
parts in 10,000) is unfit for respiration. In stating that the limit 
of contamination of air with CO2 is 0.1 % , it is understood that 
the CO2 is derived from the breath. This percentage of CO2 may 
be looked upon simply as an index of the quantity of other sub- 
stances which are poisonous (possibly of the nature of volatile 
ptomaines), and which are derived from the breath, as air con- 
taining only 0.1 % of CO2 derived from sources outside of the 
animal body may be breathed without discomfort. Carbon 
dioxide is exhaled by animals, and also results from the combus- 
tion of carbonaceous substances. Plants in sunlight break up 
CO2, appropriating the carbon and setting free the oxygen. 

Cellulose. 
6CO2 + 5H2O = CeHioOs + 6O2. 

The quantity of oxygen consumed per day by 9 oz. of carbon 
(given off as CO2) and i oz. (0.5 oz.) of hydrogen (given off as 
H2O) of the food taken by the average man, is 28 oz. 

+ 02=== CO2. 

Atomic Wt.C. Twice Atomic Wt. O. Oz. C. Oz. 0. 

12 : 32 : : 9 : 24 

H2 + O = H2O. 

Twice Atomic Wt. H. Atomic Wt. O. Oz. H. Oz. 0. 

2 : 16 :: 0.5 : 4 

28 oz. oxygen. 
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The 9 oz. of carbon expired per day as CO2, is equivalent 
to the expiration of 1240 cu. in. CO2 per hour. 

The 9 ounces of carbon and i oz. of hydrogen consume 28 oz. 
of oxygen per day, or 1500 cubic inches per hour, and to furnish 
1500 cu. in. of oxygen, 7500 cu. in. of air are required. 

The 1240 cu. in. COs expired in one hour is sufficient to con- 
taminate 1,240,000 cu. in. air with COj to the extent of 0.1%, 
which is the generally acknowledged limit of permissible pollu- 



tion. 



1240 X 1000 = 1,240,000 cu. in. polluted to 0.1%. 



7500 cu. in. air are required to Airnish sufficient oxygen to 
produce 1240 cu. in CO,. 

Therefore, the quantity of air used plus the quantity of air 
vitiated per hour is — 

7500 + 1,240,000 = 1,247,500 cu. in. air or about 721 cu. 
feet vitiated to the extent of 0.1 % of COa per hour. 

It follows that the quantity of air required for respiration by 
an ordinary man is equal to that contained in a room 9 feet 
square and 9 feet high, renewed every hour, i, e., 721 cu. feet. 



Table of Oxygen Consumed and Air Vitiated by ComhiLation, 



12 Candle Power. 


Consumed. 


COa Produced. 


Air Vitiated to 
0.1 j( COa. 


niuminating gas.... 
SDerm oil 


5.45 cu. ft. 
4.75 ** 
7.57 " 
8.41 ** 
12.00 " 


3.21 cu. ft. 
3.33 " 
5.77 " 
5.90 " 
8.73 '* 


3482.5 cu. ft. 
3567.5 " 


** candle 


6148.6 " 


Wax " 


6322.5 " 


Tallow '* 


9330.0 " 







One candle power is equivalent to the light furnished by a 
pure sperm candle burning at the rate of 2 grains of sperm per 
minute. 

Chemical Properties. — Oxygen is a supporter of combustion, 
but is not itself combustible. It is the type of the ejectro: 
negative elements, and combines with all the elements except 
fluorine. 
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It may be Detected QualiUdively. 

(a) By its being a supporter of combustion, but hyponitrous 
oxide, N3O, is also a supporter of combustion. Oxygen may be 
distinguished from hyponitrous oxide by mixing the gas in ques- 
tion with nitrogen protoxide, N2O2. The latter gas when brought 
in contact with oxygen will produce red-brown fumes of NjOs or 
of N2O4. No change takes place when N2O2 is brought in con- 
tact with hyponitrous oxide. 

(6) Water is formed when an electric spark is passed through 
a mixture composed of one volume of oxygen and two volumes 
of hydrogen. 

OZONE. 

Molecular formula of ozone, Oj. Molecular volume, 2. Specific 
gravity compared with hydrogen, 24. Molecular weight, 48. 

O2 represents the molecule of oxygen. 

Os represents the molecule of ozone. 

Ozone is considered to be an allotropic condition of oxygen in 
which three volumes are condensed into two, one of the volumes 
being in a different electrical condition from the other two 
volumes. One of the atoms is looked upon as being in the 
positive condition, and the other two as negative. 

000 

History, — Von Marum, in 1786, noticed that when an electric 
current was passed through oxygen a peculiar odor was pro- 
duced, which somewhat resembled that observed after a stroke 
of lightning and sometimes called *^ sulphurous." 

In 1840, Schoenbein noticed the similarity between the odor 
thus produced and the odor observed in the electrolysis of water 
and in the slow oxidation of phosphorus and sulphur, and found 
that in each case the substance produced turned paper moistened 
with a solution, of iodide of potassium and starch to a decided 
blue. 

During the same year, Marignac demonstrated that the sub- 
stance produced was an allotropic modification of oxygen. 

Simultaneously with the production of ozone, a compound 

termed antozone was produced, and was represented by the 

+ — + 
formula Os = O O O, in which one of the atoms of oxygen was 

looked upon as being in the negative and two atoms in the 
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positive condition. It was afterward shown that this compound 
was hydrogen peroxide, H2O2. 

O2 + Oa + H2O = H2O2 + Os. 

Preparation of Ozone, — 1. By electrical agency. The silent dis- 
charge of electricity in moist oxygen. 

2. By alow combustion. 

(a) The slow oxidation of phosphorus in moist air^ 

(6) The slow oxidation of ether^ viz., the placing of a hot 
glass rod in a vessel containing vapor of ether. 

Properties of Ozone.- — A colorless gas possessing a phosphorus- 
like odor. It is probably always present in the abin mimitfi^ 
quantity , except in the air of large cities, where it is decomposed . 
As it is one of the results o f the slow oxidation of nils, papftnially 
of turpentine,_it is, thereffire, found in larger quantity in the air 
of pine forests. It is found in the air, especially after a thunder- 
storm. It possesses, to a marked degree, the property of oxidiz- 
ing and destroying; impurities in air . 

It is a powerful oxidizing agent a nd is also a re ducing agent. 

It oxidizes AsgOs to AS2O5. 
Ag " Ag^O. 
Hg *^ HgO. 

In these cases the ozone, O3, gives up one atom of oxygen, the 
other two atoms remaining as ordinary oxygen. 

AsaOs + 20s = AS2O5 + 2O2. 
Hg+ 03 = HgO + O2. 

It d ecomposes potassium iodide^ oxidizing the potassium and 
liberating the iodine. 

2KI + O3 + H2O = 2K0H -f O2 + I2. 

Tests for Ozone. — Ozone in contact with paper moistened with 

a solution of potassium iodide and starch sets the iodine free, 

which acting on the starch turn8^_it_bl.ue. Hydrogen peroxide, 

H2O2, responds to the test in a similar manner, as also does 

nitrous acid, HNO2. The solution employed to moisten the paper 

is prepared by dissolving 1 part of potassium iodide and 5 parts 

of starch in 100 parts of water. 

Ozone may be distinguished from hjdxpgen peroxide by its 
9 "* ' 
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action on a polished surface of metallic silver. QzQne produces 
a b lue-black stain o n tbe silver; tydroge n"^peroxide has no 
action. 

HYDROGEN. 

Atomic wt., 1. Molecular wt., 2. Molecular vol., 2. Specific 
gravity compared with air, 0.0693 (14.44 times lighter than air). 

1 gramme of hydrogen at 0^ C. and 760 mm. measures 11.16 
litres. 

1 grain of hydrogen at 60^ F. and 30 in. pressure measures 
46.66 cubic inches. 

100 cubic inches weigh 2.14 grains. 

1 litre weighs 0.0896 grm. (1 crith). 

If the specific gravity (compared with hydrogen) of an ele- 
ment, or a compound in the gaseous state, be multiplied by 
0.0896, the resultant is the weight of one litre of the substance 
in the gaseous state. 

Example. 
Molecular wt. of COa is 44. 

Specific gravity of CO2 compared with hydrogen is 22. 
0.0896 X 22 = 1.9712 grm., the weight of 1 litre of CO,. 

Special History, — ^A gas, which is now known to have been 

hydrogen, was recognized by Boyle in 1672. 

Cavendish obtained it in 1776, and called it inflammable air. 
Because of water being produced when the gas was burned, 

Lavoisier named it hydrogen. 

Natural History. — It is found in the three kingdoms — mineral, 
vegetable and animal. 

In the mineral k ingdom it is found free in volcanic gases and 
in the " fire-damp " of coal mines. It is present in the ,^^, not, 

however, in the free state, but in combination as vapor of wajer. 

In a combined state it forms jj^^} by weight of _ water. It 
occurs in various mineral substances in combination with oxygen^ 
as water of hydration. 

In the vegetgJble kingdom it is found as a_CQnstituent_of . aJL 
tissues, as well as in the water with which the tissues are asso- 
ciated. It is a constituent of most of the organic compounds of 
vegfitahlfi. origin, as CeHwOe, glucose, CeHioOs, cellulose, starch. 

In the animxil kingdom it is a constant constituent jq£_JJi6 
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tissues, and is also a constituent of laogt organic compounds of 
animal o rigin, a s CO(NH2)2, urea. 

Preparation of Hydrogen, — 1. By decomposing water by means 
of intense hea t. 

2. By decomposing water with metallic potassium ^ or sodium. 

K + H,0 = KOH + H. 

In this decomposition sufficient heat is evolved to ignite the 
hydrogen in the gresence^of the oxygen o f the air. Combination 
of the two elements takes place, with the formation of water. 

To obtain hydrogen by this method, the decomposition must 
be p erformed out of contact w ith free oxygen, in an in verted jar 
fille d with wat er. 

3. By decomposing water with a c u rrent of electricity (by 

electrolysis). 

H,0 = Ha + O. 

4. By decomposing water by bringing i t. in the form of steam . 

in contact with certain metals heated to a red heat, such as red- 

hol iron^ ^ "*^ 

Fca + 4H2O = FejO, + 4H2. 

5. By passing steam over red-hot coke or charcoal. 

C + 2H,0 = CO, + 2Ha. 

6. By decomposing sulphuric acid with metallic zinc. 

Zn + HjSO* = ZnSO* + H,. 

7. By decomposing sulphuric acid with metallic iron. 

Fe + H3SO, = FeSO^ + H,. 

8. By decomposing hydrochloric acid with metallic zinc. 

Zn + 2HC1 = ZnCl, + H,. 

9. By decomposing hydrochloric acid with metallic iron. 

Fe + 2HC1 = FeCla + H,. 

H^dr^geni^ by the action of zinc.ou dilute, 

sulphuric acid, prepared in this manner it may contain sul- 
phuretted hydrogen, or Qxaenuretted hydrogen, derived from 
impurities in the zinc. The hydrogen may be puxified.by passing 
it through two Woulff*^ bottles containing solutions of sodium, 
hydroxide and argentic nitrate respectively. 
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How much hydrogen by volume may^be obtained from 15 
grammes sulphuric acid ? 

The molecular weight of HaSO^ is 98. 

Every molecule of H2SO4 contains 2 atoms of H. 

One atom of H, expressed in grammes, will occupy a volume 
of 11.16 litres. Two atoms of H in grammes will measure 22.32 
litres, consequently from one molecule (expressed in grammes) 
or 98 grammes of H2SO4 there are evolved 22.32 litres of H ; 
therefore, 

98 : 16 : : 22.32 : x = vol. of H from 15 grms. H^SO^. 

Physical Properties. — ^When pure, a colorless, tasteless, odorless 
gas. It is soluble in water, at a temperature of from 0^ C. to 
20^ C, to the extent of about 1.9 % by volume. The coefficient 
of absorption of hydrogen by water is 0.019, 

Subjected to a pressure of 3000 atmospheres at ordinary tem- 
perature it still remains a gasTbut at a temperature of^-180'^ C. 
it majj).fi_liquefied by a~pressure of 99 atmospheres. If the 
pressure, while in the ^iyii^ state, be removed, it boils and forms 
a solid. 

It is the lightest substance known, being 240,000 times lighter 
than iridium, the heaviest substance known. Volume for volume 
it is 14.44 times lighter than air, and on this account has been 
used for filling balloons. SjUfAk'^ 

Knowing that hydrogen is 14.44 times kecmor than air, the 
specific gravity of gaseous substances, compared with air, may 
readily be calculated, if their specific gravity compared with 
hydirogen be known, by dividing their specific gravity compared 
with hydrogen by 14.44, 

Example, 

CO2 raolec. wt. is 44. Specific gravity compared with H is 22. 
Then, 22 -*- 14.44 = 1.524, spec, gravity of CO2 compared with 
air. 

The specific gravity of a gaseous substance compared with air 
may be found compared with hydrogen by multiplying its specific \^' 
gravity compared with air by 14.44. W 

Hydrogen possesses to a marked degree the power of difiusion. 
In diffusion, gases follow the law that the rate of diffusion of tivo 
gooses is inversely as the square roots of the densities of the gases. 
Hydrogen diffuses 3.8 times more rapidly than air, i. 6., if 
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hydrogen be placed in a tube, one end of which is closed with a 
porous diaphragm of plaster-of-Paris and the other end immersed 
in water, the hydrogen will diffuse through the diaphragm and 
air will enter, but for every 1 c.c. of air which enters, 3.8 c.c. of 
hydrogen escape. 

Physiological Effects. — It is in itself not poisonous, but if breathed 
alone continuously death results from want of oxygen. 

Chemical Properties, — When pure, it is an odorless, colorless, 
tasteless gas. 

It is an elec tro-positive, monivalent element. 

It is not a supporter of combustion, but is combustible. When 
pure, it burns with a qalozless flame, producing great heat. 
When burned with a sufficiency of oxyg en, more heat is pro- 
duced than in the c ombustion of an equal bulk of any other 
known substance. One gramme of hydrogen when burned with 
an a Sequa te q uantity of oxygen will prod uc e suffi cient heat to 
raise the temperature of 34,462 grammes of water from 0° C. to 

rc. ' " ^ ^ 

The intense heat produced in the combustion of hydrogen with 
oxygen is made available by the oxyhydrogen blow pipe ^ a con- 
trivance in which hydrogen and oxygen are brought together 
from separate orifices and the mixture ignited. 

Hydrogen does not combine with oxygen under ordinary con- 
ditions, but when a direct flame is applied to a mixture of the 
two gases, or when the mixture is fired by an electric spark, com- 
bination takes place with explosive violence. 

When a jet of hydrogeo is brought in contact with spongy 
platinum, combination is effected with oxygen and the jet oT~' 
hydrogen is ignited. (Principle of Doebereiner's lamp.) 

• 

COMPOUNDS OF HYDROGEN AND OXYGEN. 

There are only two compounds of hydrogen with oxygen, 
namely, 
H2O, Hydrogen monoxide (water). 
H2O2, Hydrogen peroxide. y 

Water, H2O (Hydrogen Monoxide). 

Molecular weight of water, 18. Specific gravity compared 
with hydrogen, 9. 
18 grammes of vapor of water measure 22.32 litres. 
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18 C.C. water = 22320 c.c. steam, at 0® C. and 760 mm. 
Ice. " =1240 e.c. " 
i.e., one volume of water will ^ make 1240 volumes of ^team 
measured at 0° C. and 760 mm. ^ 

273 : 373 :: 1240 : 1694 = volumes of steam, measured at 
100° C. evolved from one volume of water. 

Percentage composition of water. 

Hydrogen, 11.14 %, 
Oxygen, 88.86 %. 

100.00 

Special History of Water. — It was regarded by the ancients as 
one of the four elements. 

Priestley suspected its composition in 1780. Dr. Watt con- 
firmed Priestley's suspicion, and wrote to Dr. Priestley, April 
6th, 1783, that water was a compound of dephlogisticated air and 
inflammable air. / ^ ^ 

Natural Hiattiry. — It is found in nature in rain, snow, hail, and 
in r ivers and seas. A large percentage of animal and veget able 
structurfis - is water. It is found combined in many, minerals 
as water of hydration. 

The quantity of water in the world is sufficient to cover the 
earth's surface to the depth of one mile. 

Preparation of Water.-^BiJbnrmng hydrogen in oxygen, or 
by pa ssJDg an electric spark through a mixture of two volumes 
o f hyd rogen and one volume of oxygen. 

Determination of the Composition of Water, — 1. Biijmgij^, i.e., 
the resolving of the compound into its elementary constituents. 

2. By^ aynt hesis, i.e., producing the compound from its con- 
stituents. 

In the analytical method, watgr slightly acidulated with sul- 
phuric acid to increase its conductivity, is decomposed in an 
appropriate two-armed eudiometer by means of a current of elec- 
tricity. Hydrogen is evolved from the water around the negaSve" 
platijum electrode, oxygen at the positive platinum electrode. 
Two volumes of hydrogen wilT collect in one arm of the eudi- 
ometer and one volume of oxygen in the other. The quantity 
of oxygen appearing in the eudiometer is slightly less than the 
required volume, due to the somewhat greater solubility of oxygen 
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in water than hydrogen, and also because of some of the oxygen 
being ozonized, with a consequent condensation of volume. 

The gas e volved from jhe negative electrode may be shown to 
be hydrogen by burning when ignited, and the production of 
water as a result of the combustion. Oxygen may be recognized 
by its vigorously supporting combustion and turning an alkaline 
solution of pyrogallic acid black. 

In the synthetical method, water is decomposed in a eudi- 
ometer, as in the analytical method, and the two gases collected 
together and an electric spark passed through the mixture. 
Combination of the two gases takes place instantaneously, with 
the production of water. (A slight quantity of hydrogen may 
remain uncombined, due to some of the gaseous oxygen evolved 
in the decomposition of the water remaining in solution in water, 
thereby leaving the quantity of oxygen in the gaseous mixture 
slightly inadequate for the hydrogen.) 

The synthesis of water may also be performed by passing a. 
slow stream of pure, dry hydrogen oyer a weighed quantity of 
hot cupric oxide, CuO, contained in a porcelain boat in a Bohe- 
mian^lass combustion tube. The hydrogen is best obtained from 
the a ction o f zinc on sulphuric acid, and purified and dried by 
passing it tErougH liwo Woulff's bottles containing respectively 
solutions of sodium hydroxide and argentic nitrate, and then 
through a drying tube containing pieces of calcium chloride. 

The hydrogen will deprive the hot cupric oxide of its oxygen, 
reducing it to metallic copper, and vapor of water will be formed. 
By accurately collecting and weighing the water produced, and 
also determining the weight of reduced copper, the relative 
weights of oxygen and hydrogen present in the water obtained 
^ may be determined. 
s^ ji^ ;' The composition of water may also be determined by burning 
Qj " a known weight of hydro gen with cupric oxide, collecting and 
t' ' i ( w^ig^i^g ^^® resulting water and estimating the oxygen indi- . 
\\ "' ' »''rO rectly. /' 

Prapertiea. — A colorless, tasteless, odorless liquid. 

1 cubic centimetre of pure water at 4° C. and 760 mm. weighs 
1 gr amme. 

1 litre (1000 c.c.) of pure water at 4? C. and 760 mm. weighs 
1000 grammes. 
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l^cubiaJjacIuif pure water at 62° F. and 30 inches pressure 
weighs 252.45 g rains. ~"^ 

1 cubic inch o f pure water i n vacuum weighs 252.74 grains, 
cubic foot measures about 7^ gallons . 

W ater is^at its maximum density at 4° C. or 39.2° F. 

Its range of li(j | uidity is from 0° C. to 100° C. or 32° F. to 212° F. 

The temperature of water in closed vessels, at perfect restand 
out^jrf flOBtact with air.» may be lowered to about 14° F. or 
— lOiXL without solidification. If water at this temperature be 
agitatgi i t^instantly- freezes. the temperature_risiug-Jit once to 
32° F. or 0° C. 

The boiling point of water (100° C.) is increased by its con- 
taininjg_soliiJs in solution. The boiling point is also increS^ 
when the water is under 'pressure. 

Water evaporates atjil. temperatures. 

The absolute boiling point of water is 370° C. (critical 
temperature of water), at which point its vapor Jfiusion is equiva- 
lent to a pressure of 195.5 atmospheres. At the ordinary tem- 
perature, and a pressure^jQf.1 atmosphere, it boils at 100° C. 

Water under a pressure of iS5.5 atmospheres heated to 370° 
C. passes into vapor. If heated to 371° C. no amount of pres- 
sure will keep it in the liquid state. Water cannot exist in the 
liquid state at a temperature above 370° C. and under a pres- 
sure of 195.5 atmospheres. 

M oist ai r occupies more space than dry air, due to the vapor., 
of water present. ~^ 

Chemical Relations of Water, — I^^is a^neutral substance. It is 
capable of entering into a large range of combinations. 

Examples. 
H^O + SOs = H,S04. 
H2O + KaO = 2K0H. 

Thus, water may enter into combination to form el ectro-n ^a^^ 
tive as well as electro-positive compounds, i, e., it unites with 
anhydrides to form acids, and with bases to form hydroxides.. 

It enters into combination with salts as water of crystallization 
and aa. jy ater jq£ constitution (saline water). 

Water of crystallization may be expelled from a compound by 
heating it at a temperature of 100° C. 
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Water of constitution (saline water) cannot b e expelled at a 
temperature of 100** C. 

Example. 

Magnesium sulphate, MgSOi + THjO. 

Six of the seven molecules of water in magnesium sulphate 
may be expelled at a temperature of 100^ 0. ; the remaining 
molecule cannot be expelled except at a higher temperature. 

Water of crystallization in a compound is sometimes repre- 
sented by the abbreviation aq. ; thus, MgSO* + 7 aq. 

Substances which give off their water of crystallization at 
ordinary temperature are termed efflorescent, — are said to efflo- 
resce. 

Su^t&ncea. which absorb water from the air are termed deli- 
(juescent, — are said tpjieliquesce. 

VVatermay be recognized by — 

1. Its freedom from taste, odor and color. 

2. Its specific gravity (1000). 

3. Its boiling at 100° C. 

4. Subjecting it to the action of a current of electricity, thereby 
decomposing it into hydrogen and oxygen. 

Solvent Properties of Water. — It has the greatest range of sol- 
vency of any known liquid. Owing to its great solvent action, 
it is never found pure in nature. It is purest in the form of 
rain water. 

When 1 part of a substance is soluble in 100 parts of water at 
a given temperature, it is said to be soluble, and when 1 part of a 
substance is insoluble in 100 parts of water, it is said to be in- 
soluble. 

1 part of magnesium sulphate is soluble in li parts by weight 
of water. 

1 part of calcium sulphate is soluble in 500 parts by weight of 
water. 

1 part of strontium sulphate is soluble in 10,000 parts by weight 
of water. 

1 part of barium sulphate is soluble in 200,000 parts by weight 
of water. 

When water at ordinary temperature holds as much of a solid 
in solution as is possible, it is said to be saturated. 

Temperature and pressure have an influence on solubility. 
10 * ' 
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Divisions of Water, — (a) Chalybeate water, in which iron^is the 
predominant constituent. 

(&) Magnesian water, in which magnesium is the predominant 
constituent. 

(c) Sulphur water, in which sulphurettedJyakQgeais the pre- 
dominant constituent. "^ 

(d) Carbonated water, in which carbon diqxidfijg 4ihe pre- 
dominant constituent. 

Hard and Soft Waters. — Hard water possesses the property of 
decomposing soap with the productlon-of an insoluble compound. 

Soft water does not possess the property of decomposing soap 
with the production of an insoluble compound, but produces a 
lather with soap. 

Soap is a definite chemical compound — a stearate, oleate, etc., 
iiijlL-alkali., Soaps are produced by the action of a free fixjd 
alkali on animal or Vegetable fats or oils. 

If caustic potash be used in the saponification of the fat, the 
resulting soap ira ''soft soap." If caustic soda be used instead 
of potash, the resulting soap is a " hard soap." 

The animal fats are — 

Paimitine. 

Margarine. 

Stearine. 

They are compounds of palmitic, margaric, or stearic acid with 
gb^ggcia, C8H5(OH)8, a triatomic alcohol — i. e., palmitate, mar- 
garate and stearate of glyceryl. 

Palmitic acid is C16H32O2. 
Margaric " " C17H84O2. 
Stearic " " dsHseOa. 

One atom of hydrogen in steariciacid is replaceabje^ and, there- 
fore, the acid may be represented, HCisHstOa. 

The combination of glycerin with stearic jcid may be repre- 
sented as follows : — 

Glycerin. Stearic Acid. Glyceryl Stearate. 

CH^COH). + SHCsHasO. = CHsCCHssO,), + 3H,0. 

When glyceryl stearate is boiled with a s olation of caustic 
soda, a new compound, sodium stearate, — hard soap — is formed. 
Glyderin is produced at the same time. / 

£ - 
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Glyceryl Stearat^f ' ' "^\ Sodium Stearate. Glycerin. 

C3H5(Ci8H356,)8 + SSTaOH = SNaCisHasO, + CsHjCOH),. 

W hen soap , for example, so^^ium-fitfigrate, is brought in contact 
Mrith a hard water, i.e., a water containing soluble salts of ^ftlcium, 
m agnesium, e tc., decomposition of the. soa^ occurs and new c om^ 
pounds are produced. 

In tEe case of water containing calcium bicarbonate in solution, 
ins oluble calci u^ §tfiaMtQ is formed, according to the following 
reaction : — 

Sodium Acid 
Sodium Stearate. Insol. Calcium Stearate. Carbonate. 

2]SraCi8H 8502 + C ^C03,H,C08 = CaCdsHssOOa + 2NaHC08. 

The hardness of water, or really its soap-destroying power, is 
determined by means of a standard solution of soap. The 
standard^soap solution is prepared BO' 'th'aT 1 4\ 25 c.c. of it shall 
contain just sufficient soap to combine with the calcium equiva- 
lent to O.OlO grm. (10 milligrammes) of calcium carbonate con- 
tained ill 50 c.c. water and produce a lather in the same. The 
hardness of water is always represented in calcium carbonate 
units. 

V 

In order to standardize the soap solution, a solution containing 
a known quantity ofa salt of calcium is prepared by dissolving 0.2 
g rm. precip itated calcium" carl^on ate in dilute hydrochloric acid, 
thereby con verting it into soluble calcium chloride, evaporating 
t he re maining undecomposed acid and dissolving the residue in 
distilled water and diluting to a volume of lOOO c.c. 

Then 

CaCOs. 

1000 C.C. = 0.200 grm. 

100 c.c. = 0.020 " 

60 c.c. = 0.010 " 

10 C.C. = 0.002 " 

1 C.C. = 0.0002 " 

T he^ standa rd soa£ solution is prepared by dissolving ^^^\ 1^. 
grammes white castile soap in alcohol of about 35% strength, 
and diluting with alcohol of the same strength to a volume of 
1000 C.C. 

In fitAntf^ardJying the «eftp solution, 50 c.c. of the standard 
solution containing the salt of calcium are placed in a flask of 
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a bout 200 (US. capacity. The soap solution is added, a little at a 
time, from a burette^he moiitb of the flask is closed with the 
thumb or a cork, and vigorously agitated with an up and down 
movement, after each addition of soap solution, until finally a 
lather lasting five minutes is produced. Quite likely, as above 
prepared, the soap solution is too strong, and, therefore, less 
than 14.25 c.c. will be required for the 50 c.c. of standardizing 
solutioijjpf ^calcium sail. 

Suppose 11.25 c.c. soap solution had been required. It is then 
too strong by 3 c.c, t.e., the difference between 11.25 c.c. and 
14.25 C.C. Therefore, to every 11.25 c.c. of soap solution remaining 
there must be added the difference between 11.25 c.c. and 14.25 
c.c. or 3 c.c. of 35% alcohol. 

Example, 

1000 C.C. soap solution. 

11.25 C.C. used. 



11.25) 988.75 c.c. remaining. 



87.884 C.C. X 3 = 263.6 c.c. 35% alcohol 

to be added to the 988.75 c.c. soap solution, so that exactly 14.25 
C.C. of the solution shall be required to produce a lather (lasting 
five minutes) with 50 c.c. of the solution of calcium salt. 

Method, — 50 C.C. of the water under examination are placed 
in a flask, and the standard soap solution added, a little at a 
time, from a burette, and the flask closed and vigorously agitated 
with an up and down movement, after each addition of soap solu- 
tion until a lather lasting five minutes is produced. Suppose 4 
c.c. of the soap solution were required to produce the lather. 
By reference to the table (see page 73) it is found that the hard- 
ness of that particular water is equivalent to 4.57 parts of CaCOs 
in 100,000 parts of water. (Total hardness.) 

If more than 16 c.c. of the soap solution should be required to 
produce a lather in 50 c.c. of water, the operation must be repeated 
upon a smaller volume (25 or 10 c.c.) of water, the volume being 
made up to 50 c.c. by the addition of distilled water before adding 
the soap solution. The degrees of hardness must then be multi- 
plied according to the degree of dilution. 
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Table of Hardness in Parts of Ckdeium Carbonate per 100,000 
Parts of Water, 50 c,o, of Water being used. 



cc. of Soap Sol. 


CaOO, per 100,000. 


cc. of Soap Sol. 


OaOO, per 100,000. 


0.7 


0.00 


9.0 


11.80 


1.0 


.48 


10.0 


13.31 


2.0 


1.95 


11.0 


14.84 


3.0 


3.25 


12.0 


16.43 


4.0 


4.57 


13.0 


18.02 


5.0 


6.00 


14.0 


19.60 


6.0 


7.43 


14.25 


20.00 


7.0 


8.86 


15.0 


21.19 


8.0 


10.30 


16.0 


22.86 



Temporary and Permanent Hardness of Water i — Most waters 
become softer on boiling, owing to the decomposition of the 
soluble bicarbonates of calcium an3" nOfagiresrcrar; carbon dioxide 
bSing'^et Tree, anH insoluble calcium carbonatjp being precipi- 
tated. 

CaCOs,H,COs = CO, + H^O + CaCOa. 

The hardness which disappears on boiling the water is known 
as i&m^^iSlCQ'TM. hardness, whilst that which remains after boiling is 
known as permanent hardness. 

In determining temporary and permanent hardness, 200 cc. 
of the water are placed in a flask of about 300 cc. capacity and 
boiled b riskly for half an hour. When cool, the volume is made 
up to .2QiXA.c. with distilled waler, and 50 cc. of th^ iiauid, are- 
taken and titrated as above in the determinatian of the total, 
hardness. The hardness so found is permanent, and by subtract- 
ing it from the total hardness the temporary hardness is obtained. 

Purifieation of Water, — 1. By allowing the matter in suspen- 
sion to subside. 

2. By filtration. 

These two methods remove only those substances which are in 
suspension. Substances in solution and disease germs readily 
pass through filters. The filters commonly used in the house- 
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hold serve admirably as culture beds for germs — ^bacteria. Un- 
less a water filter be cleaned almost daily and the germs killed, 
by exposing the filter to the temperature of boiling water, it is 
unsafe to be used. 

The greater part of the hardness of water, if due to calcium 
bicarbonate, may be removed by the addition of an adequate 
quantity of calcium hydroxide, thereby precipitating the calcium 
as neutral calcium carbonate. 

Calcium Bicarbonate. Calcium Hydroxide. 

CaC08,H2C08 + Ca(OH), = 2CaC05 + 2H,0. 

In ascertaining the purity of water for domestic purposes, 
certain substances only are usually determined, viz. : — 

1. The total solids. 

2. The chlorine (in combination). 

3. The quantity of pot assium permangan ate or of oxygen 
required to oxidize the organic matter in the water. 

4. The {ree and' albuminoid ammotiia. 

5. The nitrous acid (nitrites). 

Estimation of Total Solids in Water. — 250 c.c. or 500 c.o. of 
the filtered or unfiltered water, as the case may be, are evapo- 
rated in a weighed platinum dish to dryness on a water bath. 
The dish containing the i:egidue is placed in a water oven and 
kept for 3 or 4 hours at a temperature of 100° C. The dish is 
allowed to cool in a desiccator and w eighed ; it is again, placed 
in the watfitoven and weighed at intervals of half an hour until 
of constant weight. The weight of the residue is calculated to 
1000 c.c. and the result multiplied by 100 to obtain the parts 
per 100,000 parts of water, or multiplied by 70 to obtain the 
gr ains jer gallon. 

The grains of solid ma tter per gallon of water may be obtained 
directly" by evaporating 70 c.c. of the water and drying and 
weighing the residue as above given. The number of milli- 
grammes of residue obtained from 70 c.c. water wiIT correspond 
to^the number of grains per imperial gallon. 

70 C.C. water = 70,000 milligrammes (70.0 grammes). 
1 gal. " = 70,000 grains. 

In water analysis, the volume 70 c.c. is often termed the 
" miniature gallon," in which the milligramme corresponds to 
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the grain, and, therefore, the number of milligrammes of sub- 
stance found in a volume of 70 c.c. water corresponds to the 
number of grains per gallon. 

Qualiiaiive Detection and Quantitative Estimation of Inorganic 

Constituents. 

A large quantity, not less than 1 litre, of the water, to which 
a few drops of HCl have been added, is evaporated to dryness in 
a platinum dish. The residue is dissolved i^jsuuxiall voltHse-Trf' 
water, and the analysis carried on according to the methods in 
ordinary qualitative and quantitative mineral analysis. 

r 

Est imation of the Organic Matter in Water, — 1. By igniting the 
weighed residue from a ^ven quantity ofl^aler anTcletermmmg 
t he loss in weight. This method does not give accurate results, 
because in the ignitio n certain of the mineral constituents un- 
dergo change ; for example, calcium carbonate wFen'^eated is 
converted into calcium ox ide, with the evolution of carbon diox- 
ideij^ thus causing a dimjn ution in the weight of the residue which 
might be erroneously attributed to loss occasioned byorganic 

matter. 
-"""^ CaCO, = CaO + CO^. 

A blackening of the regidiM-on heating the dish over the naked 
flame indicates the presence of organic matter. 

2. Frankland's ComJbustion Process, in which the o rganic ele- 
ments in wat er are determined by submitting the residue left on 
evaporation to combustion with cupric oxide^ and measuring the 
carboriTfioxide and nitrogen given off by means of gasometric 
methods. This is the most satisfactory method for the estimation 
of c arbon and nitrogen in organic combination in water, but the 
cost of th^ speciaF apparatus and the delicacy of manipulation 
required in the performance of the method render it rather 
unavailable for the physician. 

3. Forchhammer or Oxygen Process. — This method depends 
upon the varyi ng am ounts of oxygen absorbed from a solution 
of potassium permaiTganate by the same volumea of w^.ters of 
different organic ^purity, or, the quantity of oxygen required to 
oxidize the organic matter in a given volume of water in a given 
time. 

Potassium permanganate, KaMusOg, is the substance used to 
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furnish the oxygen, t. e., the oxidizing agent. In the presence of 
sulgh uric acid potassium permanganate yields oxygen to organic 
matter. ^^^ ^ 

Reactions Occurring in the Method, 

816 80 

1. K,Mn,08 + 3H2SO4 = K2SO, + 2MnS04 + SH^O + O5. 

(One molecule of K2Mn208 in the presence of H28O4 and organic 
matter yields five atoms of oxygen.) 

2. KaMuaOa + lOKI + SH^SO, =: 6K28O4 + 2MnS04 

+ 8H,0 + Iio. 

(One molecule of KjMnsOs and ten molecules of potagsiu m iod ide, 
KI, undergo mutual decomposition with the liberation of ten 
atoms of iodineTy^ ^ 

3. 2^828203 + I2 = 2NaI + Na28,06. 

(Two molecules of sodium thiosulphate, Na28208, with two atoms 
of iodine form sodium iodide, Nal, and sodium tetrathionate, 
Na28,06.) 

!. Preparation of the Solutions, — 1. Potassium permanganate solu- 
tion. 

Once the molecular weight of KsMuaOs (316), expressed in 
milligrammes, is dissolved in 1000 c.c. distilled water, 
Then— 

Potass. PermaDganate. Oxygen. 

lOOOcc. = 0.316 = 0.080. 

lOOcc. = 0.0316 = 0.008. 

lOcc. = 0.00316 = 0.0008. 

1 C.C. = 0.000316 = 0.00008. 

l] 2. Sodium thiosulphate (Na2820s + SHgO) solution. 

One molecule of K2Mn208 acting upon KI, sets free ten atoms 
of iodine, and two atoms (one molecule) of iodine require two 
molecules of NagSaOs; therefore one molecule of K2Mn208 is 
equivalent to ten molecules of NaaSaO*. 

Instead of dissolving one molecule of NajSaOs + SHaO = 248, 
expressed in milligrammes, in 1000 c.c. water (which would make 
the Na2S203 solution too weak for accurate work), four-timea...^j;^ 
the molecular weight of NaiSjOs, expressed in milligrammes 
(4 X 0.248 = 0.992), is dissolved in 1000 c.c. distilled water. 

1 C.C. of the standard K2Mn208 solution will then require 2.5 
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C.C. of the NagSjOs solution, or 10 c.c. of the KaMnaOs solution 
will require 25 c.c. of the NaaS^Os solution. 

0.992 grm. NaaSaOs + 5RJ0 are dissolved in 1000 c.c. distilled 
water. 

/ 3. Dilute sulphuric acid. 

One part of strong sulphuric acid diluted with three parts of 
distilled water. ' ' "" 

'J 4. Potassium iodide solution. 

Ten grammes of potassium iodide are dissolved in 100 c.c. 
distilled water. ^ 

4^ 5. Starch solution. 

One part of starch rubbed up with twenty parts of boiling hot 
water, filtered, and the filtrate boiled and allowed to stand several 
hours. The clear supernatant liquid is decanted and preserved 
for use. 

Method, — 250 c.c. of pure distilled water are placed in each of 
two flasks of about 500 c.c. capacity. 250 c.c. of the water under 
examination are placed in each of two other flasks of about 500 
C.C. capacity. 10 c.c. of dilute sulphuric acid and 10 c.c. of 
potassium permanganate solution are placed in each of the four 
flasks. 

Ailer the lapse of one hour, two drops of KI 'Solution are 
placed in one^of the flasks containing the distilled water, and 
also in one^of the flasks containing the water under examina- 
tion. The purple color of the liquid due to the permanganate 
is destroyed on the addition of the potassium iodide, leaving a 
brown color, d^ to free iodine, in its stead. By this procedure 
an amount of iodine wUFbeTiberated exactly equivalent to the 
quantity of undecomposed potassium permanganate present in the 
water. 

Sod ium thiosulphate solution is now added to the liquid in 
eacn of the two"3asks, until the brown color is nearly destroyed, 
and is then followed by the addition of one drop of starch solu- 
tion (a blue color will be produced, due to the action of the 
free iodine on the starch). The addition of the thifiaulpliate 
solution is continued until the blue color is just destroyed. The 
Aggi'egate number of cubic centimetres of thiosulphate solution 
requifeSTin the operation is noted. 

Suppose 25 C.C. of thiosulphate solution were required for the 
11 
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iodine set free by the permanganate in the distiUed water. 10 
C.C. of permanganate solution were added to the 250 c.c. distilled 
water, and the permanganate in the 10 c.c. is equivalent to 
0.0008 grm. oxygen. Therefore, as 26 c.c. thiosulphate solution 
are equivalent to 0.0008 grm. oxygen, 1 c.c. thiosulphate solution 
is equivalent to 0.0008 -^ 25 = 0.000032 grm. oxygen. 

Suppose 20 C.C. of thiosulphate solution were required for the 
free iodine in the 250 c.c. water under examination. 25 c.c. of 
thiosulphate solution were required for the control test with 
distilled water. 5 c.c. less thiosulphate solution were required 
for the water under examination than in the control test with 
distilled water, hence some of the permanganat^must hay^Jttfien 
decomposed by the organic matterlnThewater. As the value of 

C.C. of thiosulphate solution expressed in oxygen units in this 
particular experiment is 0.000032 grm., 6 X 0.000032 = 0.00016 
grm. oxygen, was consumed in one hour by the organic matter 
in the 250 c.c. water, oi 




4 X 0.00016 = 0.00064 grm. oxygen by 1000 c.c. water. 
1000X0.00064 = 0.64 " " 1,000,000 « 

After the lapse of three hours the liquids in the remaining two 
flasks — containing respectively the distilled water for the con- 
trol test and the water under examination — ^are treated exactly 
as above described. 

In reporting the result of the examination, the amount of 
oxygenjconsumed in one hour and also that consumed in three 
hours by the water under examination, are reported. 

A water requiring over 0.25 part of oxygen (equivalent to 1 
t potassium permanganate), to oxidize the organic matter 
contained in 100,000 parts of it, is considered unfit for domestic 
purposes. 

The presence of reducing substances, such as nitrites, ferrous 
salts, sulphuretted hydrogen, etc., interferes with the perman- 
ganate or oxygen process for organic matter in water. 

The permanganate or oxygen process does not tell the njturo- 
of the organic matter, and as the quantity of permanganate 
reduced by different kinds of organic matter is very variable, 
it therefore follows that only when the organic matter is of the 
same kind can comparable results be obtained by this method. 



par 
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WanklyrCa Ammonia Process, — In this process the nitrogenou s 
organic matter in water is measured by the quantity of amiyioyift 
yielded by the destruction of the o rganic matter. 

The ammonia is estimated by the intensity of coloration pro- 
duced with Nessler's reagent, l)y which 1 part of ammonia in 
100,000,000 parts of water can be recognized. 

The estimation of ammonia in water is of great importance, 
as the presence of this compound in any but very minute quan- 
tities is generally indicative of recent pollution with aoimal 
o rganic matters. The amount of ammonia in sewage usually 
varies from 2 lb 10 parts per 100,000, and in waters polluted by 
sewage between even still wider limits. In shallow well water 
it varies from to 2.75 parts per 100,000 parts of water. The 
presence of ammonia in deep well water is less suspicious, as it 
is there often derived from the reductipn of nitrates. 

The ammonia, in solution as^such or in combination, which 
has resulted from the decomposition of nitrogenous organic matter 
in the water is termed /re6 ammonia. The ammonia resulting from 
the destruction of the nitrogenous organic matter by treatment 
with certain reagents is termed albuminoid ammonia. 

Reagents. — 1. Nessler's Beagent. 

50 grms. potassium iodide (KI) are dissolved in 100 c.c. dis- 
tilled water and asaturated solution of mercuric chloride (HgClj) 
is added to it until a slight permanent precipitate is formed. (50 
grms. KI will require about 22 grms. HgCIj.) 100~grms. of 
sodium hydroxide, NaOH, or of KOH, are dissolved in 100 c.c. 
distilled water and added to the potassium iodide and mercuric 
chloride solution, and the whole diluted with distilled water to 
1000 c.c. After subsidence, the clear yellowish liquid is decanted 
off and kept in a stoppered bottle ready for use. 

On adding the mercuric chloride solution to the potassium 
iodide solution the following reaction occurs : — 

4KI -(^HgCl^ = 2KC1 + (KI),HgI,. 

The action of ih^ ammonia (NHs) on Nessler's solution may 
be represented — 

Molec. Wt. 17 

NHs + 2(KI)2Hgl2 +3K0H = 

Molec. Wt. 569. 

NHgJ,H«0 + 7KI + 2H,0. 
17 parts of NHs produce 559 parts of NHgaljHjO. 



\ 
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2. Water free from ammonia. 

Distilled water, or ordinarily good water, is treated with potas- 
sium hydroxide, KOH, or sodium hydroxide, NaOH, and potas- 
sium permanganate, KsMusOs, and allowed to stand 24 hours. 
It is then distilled, and small portions of the distillate are col- 
lected at intervals and tested with Nessler's reagent. The distil- 
late is rejected as long as it produces a coloration with Nessler's 
reagent. The distillate, free from ammonia, is collected in 
bottles and kept ready for use. The distillation must not be 
pushed too far, otherwise the final portions of the distillate may 
contain ammonia resulting from the decomposition of organic 
substances in the retort ' "^^ 

3. Standard solution of ammonium chloride, NH^Cl. 
Molecular weight of NH^Cl = 63.5. 

" " NHa =17. 
Every 53.5 parts of NH4CI correspond to 17 parts by weight 

of NH3. 

To determine the quantity of ammonium chloride necessary 
to prepare 1000 c.c. of solution so that 1 c.c. of it shall contain 
a quantity of ammonium chloride, NH4CI, corresponding to 
0.00001 grm. ammonia, NHs, the following proportion is em- 
ployed : — 

NHg NH4CI NHs NH^a 

17 : 53.5 : : 0.010 : 0.0315 grm. containing 0.010 grm. NHj. 

0.0315 grm. ammonium chloride is dissolved in 1000 c.c. of 
water free from ammonia. 
Then— 

NH4a. NH,. 

1000 C.C. = 0.0315 == 0.010 
100 C.C. = 0.00315 = 0.001 
10 C.C. = 0.000315 = 0.0001 
1 C.C. = 0.0000315 == 0.00001 

4. Solution of potassium permanganate and potassium hydrox- 
ide to decompose nitrogenous organic matter and set " albuminoid 
ammonia " free. 

8 grms. of potassium permanganate and 200 grms. solid potas- 
sium hydroxide are dissolved in 1000 c.c. distilled water. The 
solution is boiled in a retort for some time, in order to get rid 
of all traces of ammonia and nitrogenous organic matter. The 
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distillate is tested at intervals with Nessler's reagent until, 
finally, a portion of the distillate is found to be free from am- 
monia. When cool, the solution in the retort is diluted to 1000 
ex., by the addition of water fi*ee from ammonia, and placed in 
well-stoppered bottles. 

5. A saturated solution of sodium carbonate, NaaCOs. 

Dry sodium carbonate is heated for one hour in a platinum 
dish, without fusing, thereby driving off any ammonia that may 
have been contained in the carbonate. An excess of the carbon- 
ate treated as above is boiled with distilled water and the solution 
preserved in bottles. \ \ ^ \ i . . 

Method. — 500 c.c. of the water under examination are placed 
in a clean retort of about li litres capacity, to which a Liebig's 
condenser is attached. 10 c.c. of the saturated sodium carbonate 
solution are added, and the distillation is proceeded with, the 
retort being heated with the free flame of a Bunsen burner. The 
distillation should be slow. The distillate is collected in color- 
less glass cylinders of about 75 c.c. capacity. Distillation is 
continued until 50 c.c. of distillate have been collected in each 
of 3 cylinders, — 150 c.c. in the aggregate. The whole of the 
free ammonia, unless an excessive amount be present, is contained 
in the first three cylinders of distillate. The three cylinders are 
covered with watch-glasses and stood aside. 

The distillation is stopped a moment, and 50 c.c. of the solu- 
tion containing potassium permanganate and potassium hydrox- 
ide are added to the 350 c.c. of water remaining in the retort, 
and the distillation proceeded with. The distillate which now 
comes over contains the ammonia, termed " albuminoid ammo- 
nia," derived from the decomposition of the nitrogenous organic 
matter in the water, and is collected in glass cylinders of about 
75 c.c. capacity. Distillation is continued, and the distillate 
collected in 50 c.c. portions until a final portion is obtained 
which fails to respond to Nessler's test. (1 c.c. of Nessler's 
reagent to be employed in testing.) The cylinders containing 
the distillate are covered with watch-glasses and stood aside. 

On the addition of Nessler*s reagent to a solution containing 
ammonia, a yellow to brown color is produced, varying in inten- 
sity with the quantity of ammonia present. 

The free and the albuminoid ammonia, obtained from the 
water, are estimated by comparing the intensity of color pro- 
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duced on the addition of 1 c.c. Nessler's reagent to each cylinder 
containing 50 c.c. of distillate, and that produced by 1 c.c. Ness- 
ler's reagent placed in 50 c.c. of water in which there is a known 
volume of standard ammonium chloride solution containing a 
definite quantity of ammonia. 

Different volumes of standard ammonium chloride solution, 
containing definite quantities of ammonia, are placed in each 
of a series of 6 or S colorless glass cylinders, and diluted, in 
each case, with water free from ammonia, to a volume of 50 c.c. 
To each cylinder 1 c.c. of Nessler's reagent is added. 

Example, 

standard 
Cylinder. 

No. containing 50 c.c. water free from ammonia + 1 c.c. of 
Nessler's reagent for comparison. 
One c.c. of Nessler's reagent is added to each of the following 
cylinders : — 

No. 1 containing 1 c.c. standard NH^Cl sol. = 0.00001 grm. NHj. 

= 0.00002 « " 





2 




2 




3 




3 




4 




5 




5 




7 




6 




9 



« (( (( 

(( (« « 

(( (( (( 



= 0.00003 " " 



« iC 



= 0.00005 

= 0.00007 " " 

= 0.00009 " " 



Example. 

1 c.c. of Nessler's reagent is added to the distillate containing 
the free ammonia in each of the first series of three cylinders. 
The color produced is compared with the shades of color in the 
cylinders holding standard ammonium chloride solution, con- 
taining a known quantity of ammonia. 

Suppose the intensity of color produced in the first of the three 
cylinders corresponds with the color in cylinder No. 5 of the 
standard ammonia solution, the second cylinder with No. 3 of the 
standard solution and the third with No. 1 of the standard 
solution. Then, of free ammonia there is present — 

1st cylinder (corresponds with No. 6, standard above.) = 0.00007 grm. NHs. 

2d cylinder " " " 8, " «* =0.00003 " NH,. 

3d cylinder « " " i. " " =0.00001 " NH,. 

Total free ammonia in 

500 c.c. of the water =0.00011 grm. 

0.00011 X 2 = 0.00022 part per IQjOO parte water. 
0.00022 X 1000 = 0.22 " " 1^000,000 parte water. 
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In a similar manner 1 c.c. of Nessler's reagent is added to the 
distillate containing the albuminoid ammonia in each of the 
second series of cylinders. 

Suppose the intensities of color produced in the cylinders cor- 
respond as follows : — 

Ist cylinder (corresponds with No. 6, standard) = 0.00009 grm. NHg. 

2d cylinder « « « 4, " = 0.00006 " NH,. 

3d cylinder " " " 1, " = 0.00001 " NH3. 

Total albuminoid ammonia in 

600 C.C. of the water == 0.00016 grm. 

0.00016 X 2 = 0.0003 part per 1000 parts water. 
0.0003 X 1000 = 0.3 " " 1,000,000 parts water. 

Water yielding from 0.00 to 0.06 part albuminoid ammonia 
per 1,000,000 parts of water is classed as a very pure water. 
Water yielding from 0.06 to 0.10 part albuminoid ammonia per 
million parts of water is classed as somewhat doubtful. When 
it yields 0.10 to 0.16 part per million it is classed as very suspi- 
cious ; and when it yields over 0.16 part per million of albuminoid 
ammonia it is classed as absolutely unfit for domestic use. 

Estimation of the Total Nitrogen of the Organic Matter in Water 
by Converting it into Ammonia by KjeldakTs Method. 

Method. — 500 c.c. of the water are placed in a flask, which is 
then attached to a Liebig's condenser and heated until 200 c.c. have 
distilled over. In this volume of 200 c.c. the quantity of free am- 
monia is determined by Nesslerizing, as in Wanklyn's process. The 
water remaining in the flask is cooled, and 10 c.c. of concentrated 
sulphuric acid are added and thoroughly mixed by agitating the 
flask. The flask is now inclined and the liquid boiled until it has 
a syrupy appearance and the water has been wholly expelled. 
The latter point is determined by the liquid in the flask becoming 
pale yellow in color or colorless. The flask is removed from the 
flame and powdered potassium permanganate is added, in small 
portions at a time, until the liquid becomes green in color (if 
purple, the water was not completely expelled). The liquid is 
now cooled, and 200 c.c. of water, free from ammonia, and 100 
C.C. sodium hydroxide solution (strength 1-6) are added, and the 
flask is again connected with a Liebig's condenser. The liquid 
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is distilled, slowly at first, into dilute hydrochloric acid, until 
about 50 c.c. are distilled, and then the delivery tube is rinsed, 
and distillation is con tinned, until 150 or 175 c.c, inclusive of 
the first-mentioned 50 cc, have distilled over. The aggregate 
volume distilled is diluted with water, free from ammonia, to a 
volume of 250 c.c, and from this 50 cc. are taken and Nessler- 
ized after the manner described in JVanklyn^a ammonia process. 

The sodium hydroxide solution used in the above method is 
prepared by dissolving 200 grammes of sodium hydroxide and 2 
grammes potassium permanganate in 1250 cc of distilled water, 
and boiling until the volume is reduced to 1000 cc. or less. (If 
less, it is to be diluted with water, free from ammonia, to 1000 cc) 

QiLantitative Estimation of Nitrites in Water. 

Oriess' Method depends upon the production of an intense rose- 
red color, due to the formation of azobenzolnaphthylamine sul- 
phonic acid, on the addition of sulphanilic acid followed by 
naphthylamine hydrochloride to an acidified solution of a 
nitrite. 

By this method 1 part of nitrous acid may be detected in 
100,000,000 parts of water (100 cc of the water being used). 

Reagents Required, — 1. Sulphanilic acid, 1 part of the acid 
dissolved in 100 parts of water. 

2. Naphthylamine hydrochloride, 1 part of the salt dissolved 
in 100 parts of water. 

3. A solution of potassium nitrite, KNO2, so that 1 c.c shall 
contain 0.00001 grm. nitrous oxide, N2O3. 

4. Dilute sulphuric acid, 1 part of sulphuric acid with 2 parts 
of water. 

Pr^araiion of the Standard Solution of Potassium Nitrite, 
KNO2. — Argentic nitrite, a compound easily weighed, is selected 
for this purpose. The required quantity of argentic nitrite is 
weighed oflT, dissolved in water, and treated with an adequate 
quantity of potassium chloride. Double decomposition occurs, 
the silver is precipitated and the nitrous acid remains in solution 
in combination with potassium as potassium nitrite. 

To determine the quantity of argentic nitrite necessary to 
prepare 1000 c.c. of standard solution so that each cubic centi- 
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metre shall contain 0.00001 grm. NaOs, the following proportion 
id employed : — 

N^a* AgNOa. NsO,. AgNOa. 

76 : 308 : : 0.010 : 0.0405 grm. 

0.0405 grm. argentic nitrite is dissolved in hot water, potassium 
chloride added, in slight excess, to precipitate the silver, and the 
whole diluted to 1000 c.c. When the argentic chloride has sub- 
sided, the supernatant clear liquid is decanted and preserved 
for use. 

1000 C.C. of the solution = 0.01 
100 c.c. " " =0.001 

lOcc. " " =0.0001 

lc.c. " " =0.00001 

Method. — 100 c.c of the water under examination are placed 
in a colorless glass cylinder, and a few drops of dilute sulphuric 
acid are added, followed by the addition of 2 c.c of sulphanilic 
acid and 2 c.c. of naphthylamine hydrochloride solutions. 

Immediately after the above operation, different volumes (0.3 
to 2.5 C.C.) of standard nitrite solution are placed in several color- 
less glass cylinders, each cylinder filled to 100 c.c. with distilled 
water, and to each consecutively are added a few drops of dilute 
sulphuric acid, 2 c.c. sulphanilic acid and 2.c.c of naphthylamine 
hydrochloride solutions. 

On standing twenty minutes, the intensity of rose-red color 
produced in the water under examination is compared with the 
color produced in the distilled water containing known quanti- 
ties of nitrite. The quantity of nitrite is calculated in a manner 
similar to that employed in estimating ammonia with Nessler's 

reagent. 

Hydrogen Peroxide. HaOj. 

Molecular weight, 34. Density in liquid state, 1.45. 

History, — Discovered by Thenard in 1818 and investigated by 
Brodie and by Schoenbein in 1850. 

Preparation, — Barium peroxide, BaOa, is mixed with wa ter and 
then treated with dilute hydrochloric acid, or sulphuric acid. 

BaOa + 2HC1 = BaCla + HaOa. 
BaOa + HaSO* = BaSO* + HaOa. 

The hydrogen peroxide is obtained from the mixture by agitating 
12 
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it with etfyd-fither, allowing the latter to separate as a layer 
above the water, then decanting and allowing the ether to evapo- 
rate at ordinary temperature. Hydrogen peroxide, which was 
dissolved by the ether, will remain in the vessel. 

Properties, — (a) Physical. A colorless and, when concentrated, 
syrupy liquid, having a slight odor resembling that of a dilute 
s olution of chlorine . 

It has a bleaching action o n the skin, and in concentrated form 
has corrosive action, with the production of a painAil sore. 

When heated^ it undergoes decomposition. 

(b) Chemical. In co ntact with ozone decomposition occurs, 
water is produced and oxygen is set free. 

HaO^ + 03 = H2O + 2O2. 

It is a powerful oxi dizing agent, converting certain lower 
oxides of the elements intaiugher oxides^^ 

ASjOa + H2O2 = ASjOfi + H2. 

It also acts as a reducingjgent, reducing certain oxides of the 
metals to the metallic state. 

AgaO + H2O2 = Ag2 + H2O + O2. 

Tests, — 1. It liberates iodine from potassium iodide. 

2KI + H2O2 = 2K0H + I2. 

Qzone^acts similarly upon potassium iodide. 

Os + 2KI + H2O = 2K0H + O2 + I2. 

2. Ozone tarnishes a bright surface of metallic silver ; hydro- 
gen peroxide does not. 

3. Hydrogen peroxide reduces chromic acid, H2Cr04, to per- 
chromic acid, HaCrjOs. 

H2O2 + 2H2Cr04 = 2H2O + H2Cr208. 

The perchromic acid imparts a blue color to the liquid. 
It reduces permanganic acid, or permanganates. 

Potass. 
Permanganate. 

KjMnjOs + H2O2 + 3H28O4 = K2SO4+ 2MnS04 + 4H2O + SO,. 

This action is taken advantage of in the quantitative estima- 
tion of H2O2. 
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Uses of H2O2. 

It has been employed in medicine externally as a lotion and 
internally in cases of diabetes mellitus and oxaluria. Lately it 
has come into favor as a disinfecting agent in cleansing abscess 
cavities/ etc. 

It is the chief constituent of the liquids used for bleaching hair, 
such as " Golden Hair Dye," etc. 

Hydrogen peroxide is employed in the detection of blood 
stains. When H2O2 is added to an alcoholic solution of guaiacum 
containing blood-coloring matter, a beautiful blue coloration is 
produced. 

Practical Application of the Test. — The suspected blood stain is 
moisteiled with an alcoholic solution of guaiacum, and then with 
a few drops of an ethereal solution of hydrogen peroxide. If 
blood-coloring matter be present, a blue color will be promptly 
produced. It must be remembered that substances other than 
blood-coloring matter, under the same conditions, will yield a 
blue color ; but the coloring matter of the blood is the only red 
substance known that, under these conditions, will promptly yield 
a blue color. 

This test simply serves to indicate that the coloring matter of 
blood is present, and does hot enable us to distinguish the blood 
of one animal from that of another. 

The only method yet known for discriminating between the 
blood of different animals is by means of the microscope in 
determining the/07771 and size of the blood corpuscles. But even 
this instrument doe^not enable us to determine positively from 
what particular animal the blood was derived; thus, several 
animals have blood corpuscles not only of like form but practi- 
cally of the same size as those found in man, viz., -g^jj of an 
inch in diameter. 

NITROGEN. 

Atomic weight, 14. Molecular weight, 28. Equivalent weight, 
14. 

14 grammes of nitrogen measure 11.16 litres. 1 litre weighs 
J..256_graDa mes. Specific gravity compared with air, 0.971. 

History, — In 1772 Rutherford, impressed by the change pro- 
duced in atmospheric air by respiration, suggested that it was 
composed of two gases, and not an element, and that in the 
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act of breathing, one of these gases was abstracted. The gas 
remaining was called by Rutherford mephitic air, Priestley 
called it phlogiaticaied air. Scheele and Lavoisier, in 1777, in- 
dependently, proved 'that air was a mixture of the newly-dis- 
covered oxygen with another gas, which Lavoisier called aaote. 
Chaptal, in 1789, recognized it as one of the constituents of nitre, 
and, therefore, named it nitrogen. j 

Natural History. — It is found in t he free j^tft tft iti ^j r. (about ^ 
of air is nitrogen) and in ga^ous^manations from volcanoes. It 
is found in combination in nitrates and in ammonia. It is present 
in small quantities, in combination, in most products of plam; 
life — as in albumen, alkaloids, etc. In the animal kingdom it 
is found in combination in all fluids and tissues. It is one of the 
products (in the form of ammonia) of the decomposition of many 
nitrogenous organic substances. 

In itself it is an inert substance, but some of its combinations 
with other elements are most virulent poisons, as cyanogen, CN, 
and the alkaloids strychnine, brucine, etc. 

Preparation. — 1. By abstracting oxygen from air by burning 
phosphorus in it. The phosphorus combines with the oxygen 
to form phosphoric anhydride, P2O5, leaving nitrogen free. 

2. By passing^hlonnejhrough an excess of solution of ammo- 

niacal gas. 

4NH3 + 3C1 = 3NH4CI + N. 

In this method care must be exercised that an excess of chlo- 
rine is not passed through the solution, because of its liability to 
form nitrogen trichloride, NCIs, a highly explosive compound. 

3. By heating amm onium nitrate, with finely divided njetallic 

^inc^ 

NH^NOs + Zn = ZnO -f 2HaO + N,. 

4. By h^ing^ajmi^tureirf.^jmu(^ium_ch^^^ 

nitrite. 

NH4CI + KNO, = KCl + 2H2O + N,. 

5. By heating ammonim& iiitrite. 

NH,NO, = 2H,0 + N,. 

6. By slowly passing a current of air over red-hot metallic 

copper. 

N + O + Cu = CuO + N. 
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In this method, if the air be mixed with ammoniacal gas, the 
process will become a continuous one, thui 



2NH3 + 3CuO = 3Hj,0 + Cus + Na. 

Physical Properties, — ^A colorless, tasteless, odorless gas, ne|j 
co mbustible nor a supporter of combustion . Very slightly solu- 
ble in water. Water dissolves about 2 %,15yl^olume, of nitrogen. 

Its critical temperature is about — 146° C, and its critical 
pressure is about 33 atmospheres. Under these conditions it 
becomes liquid. • 

Physiological Properties, — It is not poisonous in itself — we 
breathe it daily with oxygen as air — but an animal placed in an 
atmosphere composed wholly of nitrogen dies because of the 
absence of oxygen. In air it serves as a diluent of oxygen. 

Chemical Properties, — It is an extremely inert substance, com- 
bining directly with only a few elements. A mixture of nitrogen 
and hydrogen will remain uncombined, but when these gases are 
in the nascent state they enter into combination to form am- 
monia, NHs. 

Special Characteristics, — ^It is recognized chiefly by its negative 
properties. It is neither combustible nor a supporter of com- 
bustion. 

Its presence in an organic s ubstance may be determined, pro- 
vided jtjsjiot- prcoont aa an » x id e ,by heating the substance with 
a fixed alkali — soda-lime. The nitrogen will be evolved in com- 
bination as ammonia, NH3, which latter may be detected by its 
odor, etc. If in c ombination as an oxide it may be detecte d by 
heating the organic substance with metallic sodium,. A cyanide 
of sodittm will be formed, whicF may 15e detected by the usuaf 
tests for a cyanide. 

Nitrogen in combination as gjnmonium may be detected by 
warming the compound with sodium hydroxide. Ammoniacal 
gas will be evolved. ' 

ATMOSPHERIC AIR. 

Special History. — The ancient chemists considered air to be one 
of the four elements. In 1772 Rutherford discovered nitrogen, 
in 1774 Priestley discovered oxygen, and in 1777 Lavoisier proved 
that air consisted of these two gases — ^nitrogen and oxygen. 
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The nitrogsa^andjoygen in air are not in chemical com- 
bination, but simply mixed mechanicalTyr ' ' 

Determination of the Composition of Air. — 1. By slowly passing 
fl^kn nyn vr> liinie of ai y ^y er a weighed quantity of red-hot metallic 
copper, the oxygen will be retained by the copper forming cupric 
oxide, and nitrogen will pass uncombined. The increase in the 
weight of the copper after the operation will indicate the quantity 
of oxygen taken up, and the uncombined gas collected in a eudi- 
ometer will indicate the quantity of nitrogen in the given volume 
of air. 

2. By the slow abs orption of oxy gen j )y phosphorus. A eudi- 
ometer containing a known volume of air is inverted over water 
and a piece of phosphorus placed in it. Slow oxidation of the 
phosphorus takes place with the absorption of oxygen to form 
phosphoric anhydride, which, with the water present, remains in 
soliltion as phos^honcjacid. The nitrogen remains u nabsorbed . 
Diminution of volume of the original air occurs, and for 
every 21 volumes of oxygen absorbed 79 volumes of nitrogen 
remain. 

3. By means of an alkaline solution of pyrogallic acid. The 
oxygen of the air will be^absor^ed by the solution," the nitrogen 
remaining unabsorbed. 

4. By exploding air with hydrogen in a eudiometer. 

JExample. 

Suppose 100 volumes of air are placed in a eudiometer and 
60 volumes of hydrogen added to it. The total volume of gas 
in the eudiometer is now 150 volumes. On passing an electric 
spark through the mixture, the oxygen combines with a sufficient 
quantity of hydrogen to form vapor of water, which is condensed, 
thus causing a diminution of the original volume. The 150 
volumes diminish to 87 volumes. 

150 — 87 = 63 volumes loss. 

Of the 63 volumes lost, due to condensed vapor of water, one- 
third is oxygen, hence 63 -^ 3 = 21 volumes of oxygen in 100 
volumes of air. 
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Oxygen and nitrogen are the chief constituents of air. They 
are present in the proportion— 



By Volume. 
Oxygen, . . 20.898 % (approx. 21.0) 
Nitrogen, . . 79.102 % ( " 79.0) 



100.000 



100.0 



By Weight. 
23.01 % (approx. 23.0) 
76.99 % ( " 77.0) 



100.00 



100.0 



Percentage of Oxygen and Nitrogen in the Air According to the 
Analyses of Different Investigators. 



Dumas, . . 
Regnault, 

Liebig, . . 

Bonsen, . . 

Deville, . . 

Wurtz, . . 

Average^ 



Oxygen. 



20.81 


79.19 


20.96 


79.04 


20.89 


79.11 


20.92 


79.08 


20.88 


79.12 


20.93 


79.07 



20.898 



NiTEOQSN. 



79.102 



In addition to oxygen and nitrogen, other substances are 
present in small quantities in the air, namely — 

Aqacims Vapor. — The quantity of aqueous vapor present varies 
considerably with the t epapera ture qf the air. 

Carbon Dioxide, resulting from combustion, respiration, and 
from gases of volcanic origin, etc. It is present in the proportion 
of from 2 to 4 parts per 10,000 parts of air (0.02 to 0.04 %). 
Plants take up the carbon of carbon dioxide, setting the oxygen, 
free, thereby preventing an accumulation of the gas in the air. 
Carbon dioxide may be detected by passing the air or gas con- 
taining it through a solution of barium hydroxide or calcium 
hydroxide. The production of a turbidity, due to the formation 
of barium or calcium carbonate, indicates the presence of the gas. 

Ammoniacal Oas, NHs. — ^Arising from the decomposition of 
nitrogenous organic substances. 

Sulphuretted Hydrogen, HjS. — ^This gas is hardly a normal 
constituent of air. It is present in the air of certain localities, 
i. e., in the neighborhood of volcanoes and in the air of cities. 
It occurs in the air of cities as thelresult of the burning of coal 
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of which sulphur is a coustituent. It is also derived from springs 
of sulphuretted water. 

Sulphurous Anhydride^ SOj, and Sulphuric Add, H2SO4, are 
always present in the atmosphere surrounding towns, and are 
derived from the s ulphur oxidi zed in the burning of coal. 

Nitric Add, HNO3, is present in small quantities in the atmos- 
phere, especially after a thunder-storm. The passage of an elec- 
trical discharge through a imxtiir^ of nitrogen and oxygen 
causes their union, with the formation of nitric acid. The sour- 
ing of milk after a thunder-storm is usually attributed to nitric 
acid in the atmosphere. 

OzonCf O3, is contained in minute quantities in the air, particu- 
larly after a thunder-storm. 

Floating Particles of Organic Matter are present in the air and 
are observable in beams of direct sunlight. 

A Saline Matters are found in the air, especially in the neighbor- 

hood of bodies of salt water. 

( »' Properties of Air,— The specific gravity of air is regarded as 1, 
( ^ i, e,y at 0° C. and 760 mm. It is regarded as the unit and 
' ^ standard of comparison for gases. 

>/^ y^ 1 litre of air weighs 1.293 grm. 100 cubic inches weigh 30.93 
^' grains. 

Air has weight, as is evidenced by the barometer. At the 
level of the sea the pressure exerted by the superincumbent 
atmosphere is capable of supporting a column of mercury 760 
mm. in height, or a column of water 34 feet in height. Ascend- 
ing, the pressure diminishes with the density, it being halved for 
about every 3.4 miles. 

Mercury is 10,466 times heavier than air, hence it follows that 
a column of mercury one inch in height is equivalent in weight 
to a column of air 872 feet in height. Therefore the mercury 
in the barometer would fall 1 inch for every 872 feet of ascent. 

COMPOUNDS OF NITROGEN AND OXYGEN. 

There are five compounds of nitrogen and oxygen, "namely — 
N2O, hyponitrous oxide or anhydride. 
N2O2, nitrogen protoxide (the molecular formula is NO). 
N2O3, nitrous oxide or anhydride. 
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N2O4, nitrogen peroxide or nitrogen dioxide (the molecular 
formula is NO2). 

NaOs, nitric oxide or anhydride. 

Only three oxides of nitrogen combine with the elements of 
water to form acids, namely — 

Hyponitrous Oxide. Hyponitrous Acid. 

N,0 + H,0 = 2HN0. 

Nitrous Oxide. Nitroas Acid. 

N2O, + H2O = 2HNO2. 

Nitric Oxide. Nitric Acid. , 

NA + H2O = 2HNOs. 

Nitric Oxide or Anhydride, N2O5. 

Molecular weight, 108. 

It is the most important of the oxides of nitrogen. 

Special History. — It was recognized by Geber in the seventh 
century. In 1785 Cavendish determined that, in combination as 
nitric acid, it was composed of nitrogen and oxygen. Gay-Lussac 
and Davy determined the proportions in which the nitrogen and 
oxygen were present, and in 1849 Deville isolated the com- 
pound. 

Naiural History, — It is nexer found in the free state in nature, 
but always in combination as native nitrates, almost entirely as 
potassium nitrate, KNO3 (saltpetre), or sodTuln nitrate, NmTOs 
(Chili saltpetre). It is found in small quantities in the atmos- 
phere in combination as nitric acid, j)r as ammonium nitrate. 
It is also, in combination as a nitrate , a constituent of many 
ve getable juice s. 

Preparation, — It is formed when a discharge of electricity 
occurs in the atmosphere, and is also one of the products of the 
decomposition of vegetable and animal nitrogenous organic sub- 
stances. 

The method usually employed for its preparation isJo^pAsa.. 
dry chlorine over hot argentic nitrate, AgNOs. 

2AgN03 + CI2 = 2AgCl + NA -f O. 

Properties, — Below a temperature of 30° C. it is a colorless, 

crystalline solid. It melts at 30° C. and boils at 45° C. Its 
13 
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specific grayitj in the solid state is 1.64, and in the liquid state 
1.63. 

It has an intense affinity for water, combining with it to form 
nitric add, the combination being attended with great increase of 
temperatore. One molecole of NjOs unites with one molecule 
of HsO to form two molecules of nitric acid. 

NiTKic Acid, HNO,. {Aqua fartis). 

Molecular weight, 63. 

Preparation. — ^By heating a native nitrate, as potassium or 
sodium nitrate, in a retort with sulphuric acid. 

Acid Potaasiain Sulphate. 

1. KNO, + H,S04 = KHSO* + HNO,. 

^ Neutral P«>taaBiain Sulphate. "^ 

2. 2KN0, + HSOt = KJSO, + 2HN0,. ,' 

r 

3. 2NaN0, + HjSO, = Na^« + 2HN0,.l 

J 

Nitric acid distills over and is collected in a receiver. Some 
of the lower oxides of nitrogen usually collect with the nitric 
acid in the receiver, and are removed by passing a stream of 
pure, dry air through the acid. 

In practically preparing the acid, the molecular proportions 
(one molecule of KNO, and one molecule of HjSOJ, as given 
in the first reaction, are preferred to the second, because, owing 
to its greater solubility, the acid potassium sulphate produced in 
the reaction is more easily removed from the retort than neutral 
potassium sulphate. 

Sodium nitrate is preferred in the commercial preparation of 
the acid, because it yields a greater amount of the acid. 

Contaminationg. — Nitric acid may be contaminated with sul- 
phuric acid which may have been carried over mechanically from 
the retort. To test for it, the nitric acid is considerably diluted 
with water, and a solution of barium chloride added. A white 
cloudiness, or a white precipitate, indicates the presence of sul- 
phuric acid. 

The acid may contain chlorine in combination as hydrochloric 
acid. To test for it, the nitric acid is diluted with water, and 
argentic nitrate solution added. A white cloudiness, or a curd- 
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like precipitate, indicates the presence of chlorine. It may con- 
tain iron, which may be tested for by diluting the acid with 
water, partly neutralizing with pure sodium or potassium car- 
bonate, and testing with potassium sulphocyanide. A ruby-red 
color indicates the presence of iron. 

Nitric acid may contain arsenic, derived from the sulphuric 
acid employed in its preparation. The acid may be tested for 
arsenic by diluting it with water, neutralizing with sodium car- 
bonate and applying Marsh's test. 

Ptopertiea, — Nitric acid is a liquid which, in its most concen- 
trated form (mono-hydrate), has a specific gravity of 1.517. The 
acid of this specific gravity boils at a temperature of 84° C. 
This, however, is not its true boiling point, the ebullition being 
due to the decomposition of N2O5. 

The ordinary nitric acid found in commerce is the trihydrate 
(H20)8N206, having a specific gravity of 1.42. 

Fuming nitric acid is concentrated nitric acid containing lower 
oxides of nitrogen, as NjOs and N2O4. 

The ordinary nitric acid, HNO3, spec, gravity 1.42, when 
pure, is a colorless liquid. The acid, when exposed to sunlight, 
becomes more or less yellow in color, and sometimes green or 
blue, due to the presence of oxides of nitrogen, resu lting from 
the decomposition of a small portion of the acid. These oxides 
may be removed, and the acid rendered colorless, by passing a 
stream of air through the liquid. 

It acts as a powerful oxidizing agent, owing to the large amount 
of oxygen it contains, which it readily parts with in oxidation. 
By its action iodine, sulphur, etc., are converted into their highest 
oxy-acids, whilst lower oxides, as sulphurous, arsenious and phos- 
phorous oxides, are converted into higher oxides. Hot nitric acid 
oxidizes sulphur, with the formation of sulphuric acid. 

It decomposes organic bodies and stains substances of albu- 
minous nature yellow. It decomposes the skin, with the produc- 
tion of picric acid , which latter stains the skin yellow. An alkali 
brought in contact with the yellow jkin intensifies it in color. 
I odine in contact with the skin produces a yellowish to brown 
stain, much like that produced by nitric acid. The stain pro- 
duced by nitric acid is intensified in color by an alkali, whereas 
that produced by iodine disappears, owing to the formation of a 
colorless iodide of the alkali. 
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Decomposition of Nitric Add. — It may be decomposed, with the 
elimination of water, as — 

PA + 6HNO3 = 2H8PO4 + 3NA. 

In this case the water eliminated combines with P2O6 to form 
H3PO4, phosphoric acid. 

Action of the Metals on Nitric Acid. — The results produced by 
the action of the metals on nitric acid vary. 

The metals may be arranged in five classes, according to their 
action on nitric acid, as follows : — 

1. Metals which have no action upon the acid, as the noble 
metals, gold, platinum, etc. 

2. Metals which decompose the acid, with the formation of an 
oxide of the metal, water and nitrogen dioxide, N2O4 (nitrogen 
peroxide), as tin and antimony. 

4HN08 + Sn =Sn02 + 2H,0 + 2NA. 

8. Metals which decompose the acid, with the formation of a 
nitrate of the metal, water and nitrous oxide, N2OS, as silver. 

6HNO3 + 4Ag = 4AgNOs + 3H2O + NaOs. 

4. Metals which decompose the acid, with the formation of a 
nitrate of the metal, water and nitrogen protoxide, N2O2, as 
copper. 

8HNO3 + 3Cu = SCuCNO,), + 4H2O + N2O2. 

5. Metals which decompose the acid, with the formation of a 
nitrate of the metal, water and hyponitrous oxide, N2O, as zinc. 

IOHNO3 + 4Zn = 4Zn(N03)2 + 6H2O + N2O. 

When very strong nitric acid acts upon zinc, ammonia, KH,, 
is produced, which immediately combines with the excess of acid 
present to form ammonium nitrate. 

9HNO3 + 4Zn = 4Zn(N03)2 + SHgO + NH,. 

The general method of preparing a nitrate of a metal is to 
treat the metal with nitric acid. Nitrates of all the metals are 
possible except the noble metals, and tin, antimony, etc. 

All nitrates, except basic nitrates, are soluble in water. They 
undergo decomposition on the application of heat. Nitrates 
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mixed with carbonaceous matter form mixtures which explode 
on the application of heat. 

Example, 

Gunpowder, a mechanical mixture of a nitrate of an alkali, 
usually potassium nitrate, KNO3, sulphur and powdered. char- 
jmL When heat is applied, chemical change occurs with explo- 
sive violence. The reaction may be represented as follows : — 

2KN08 + C3 + S = K2S + 3C0, + Na. 

Action of Nitric Add on Organic Subatancea, — 1. Nitric acid 
may combine with an organic substance to form a nitrate. 

2. It may act on an organic substance with the formation of 
a substitution product, as its action on cellulosgj. GeHioOs, form- 
ing tri-nitrocellulose, gu^i_cotton, C6H7(N02)805, or on glycerin, 
CsHgOs, forming tri-nitroglycerin, C3H6(N02)s03. 

Cellulose. Gun Cotton. 

C,^„0, + 3HN0, = C.H,(N0,)30s + 3H,0. 

Glycerin. Kitroglycerin. 

C3H8O3 + 3im03 = C3H5(N02)303 + 3H2O. 

3. It may completely destroy the organic matter. 

Tests for Nitric Acid, — A, In the free state (as nitric acid). 

1. Nitric acid heated with slips of copper foil undergoes 
decomposition, with the production of nitrogen protoxide, N2O2, 
which latter, in contact with the oxygen of the air, forms 
brownish-red fumes of nitrous oxide, N2O3. The liquid, at the 
same time, assumes a greenish tint. 

^SHNOs + 3Cu = 3Cu(N08)2 + ^HaO + N2O2, , - - 

N2O2 + O = N2O3. 

In case the nitric acid be present in small quantity, the reaction 
may be facilitated and rendered more delicate by the addition 
of sulphuric acid. 

Delicacy of the test, 1 part of HNOs in 1000 parts of water. 

2. When a solution of ferrous sulphate, FeSO*, is carefully 
poured down the side of a test-tube containing a cooled mixture 
of nitric acid and concentrated sulphuric acid, a brown-colored 
ring is formed immediately at the point of junction of the 
two liquids. The brown coloration is due to the presence of 
^eS0,(N0)2. 

1 GFeSO* + 3H2SO, + 2HN08 = 3Fe2CS04)8 + 4H2O + N2O2. \ 
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The liberated N,03 (2N0) combines with a molecule of 
FeSOi, forming the dark-colored compound FeS04(NO)2. 

FeSO* + NA = FeSO^CNO),. 
Delicacy of the test, 1 part of HNO3 in 10,000 parts of water. 

3. Nitric acid added to brucine dissolved in concentrated sul- 
phuric acid produces an intense red color. 1 part of brucine in 
50,000 parts of water may be detected by this test. 

4. Nitric acid is precipitated by cinchonamine sulphate, as a 
white crystalline precipitate — cinchonamine nitrate. 1 part of 
nitric acid in 500 parts of water may be detected by this test. 
63 parts of nitric acid produce 359 parts of cinchonamine 
nitrate. 

B. In combination (as a nitrate). 

1. A nitrate heated with ' sulphuric acid and a slip of copper 
foil undergoes decompositiou, with the production of brownish- 
red fumes of nitrous oxide, NjOs. 

2. When a solution of ferrous sulphate is carefully poured 
down the side of a tube containing a cooled mixture of a solution 
of a nitrate and sulphuric acid, a brown-colored ring is produced 
at the point of junction of the two liquids. 

3. A solution of a nitrate, to which sulphuric acid has been 
added, when brought in contact with brucine, produces an intense 
blood-red color. 

Hyponitrous Oxide, N2O. 

^ Molecular weight, 44. 

, 44 grains measure 93.33 cubic inches. 44 grammes measure 
"•22.32 litres. 1 litre weighs 1.971 grammes. 

" This gas is popularly known as nitrous oxide, or laughing gas. 

Spedal History, — Discovered by Priestley in 1776, who named 
it dephhgisticated nitrous air, Davy investigated it in 1799, and 
called it nitrous oxide. 

Natural History, — It is not found in nature, being wholly an 
artificially prepared compound. 

Preparation. — 1. By heating ammonium nitrate, NH^NOa, at 
a temperature of about 243° C. (470° F.). 

Molec. Wt. 80. Molec. Wt 44. 

NH^NOs = 2H,0 + N^O. 
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80 parts by weight of ammonium nitrate furnish 44 parts by 
weight of hyponitrous oxide. 

80 grains of NH^NO, furnish 93.33 cubic inches of N^O. 
80 grammes " " 22.32 litres " NA 

On heating the ammonium nitrate it first fuses (at a temperature 
of 108° C), and on heating to a higher temperature, about 243° 
C, undergoes decomposition, with the production of water and 
the evolution of hyponitrous oxide. If the temperature be above 
260° C. (500° F.) other changes will occur, nitric oxide and 
nitrogen being evolved. In heating the NH^NOs, a temperature 
just sufficient to fuse the compound and cause the evolution of 
gas should be employed. If ammonium chloride be present, the 
hyponitrous oxide will be contaminated with chlorine. The gas 
prepared for inhalation should always be purified by being passed 
through two Woulff's bottles containing respectively solutions 
of sodium hydroxide, NaOH, and ferrous sulphate, FeSO^. The 
sodium hydroxide removes acid vapors, and the ferrous sulphate 
removes nitrous oxide, NaOs. 

The gas should be collected over warm water, as it is less 
soluble in warm than in cold water. 

2. By the action of dilute nitric acid (spec. grav. 1.2) on 
granulated zinc. This method is inferior to the one in which 
ammonium nitrate is employed. 

lOHNOs + 4Zn = 4Zn(N08)2 + SH^O + N,0. 

Physical Properties. — ^A colorless, odorless gas having a sweet 
taste. Its specific gravity, compared with air^ is 1.52. It is 
freely soluble in water. 100 volumes of water at a temperature 
of 15.5° a (60° P.) absorb 78 volumes of the gas. It is liquefied 
under a pressure of 50 atmospheres at ordinary temperature, 
under a pressure of 30 atmospheres at a temperature 0° C, and 
under a pressure of 1 atmosphere at a temperature of — 88° C. 
In the liquid state it has a specific gravity of 0.937. Liquid 
hyponitrous oxide blisters the skin when brought in contact with 
it. It is not combustible, but is a supporter of combustion, due 
to its decomposition into nitrogen and oxygen. A taper, char- 
coal, phosphorus, etc., burn in it as v i v id i y ayin an atmosphere 
of oxygen. It is necessary that the combustible body be burning 
freely when introduced, as otherwise the temperature will be 
insufficient to decompose the gas. 
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Hyponitrous oxide may be distinguished from oxygen as 
follows : — 

1. It does not form brownish-red fumes of nitrous oxide, N2O3, 
with nitrogen protoxide, N2O3. 

2. It is not absorbed by an alkaline solution of pyrogallic acid. 

3. It is much more soluble in water than oxygen. 

Physiological Properties, — Its property of producing ansesthesia 
was first observed by Sir Humphry Davy, April 11th, 1799, and 
w^ taken advantage of by him in having teeth extracted while 
under its influence. Because of its usually producing a condition 
of hilarity when inhaled, it was called " laughing gas." 

No further mention of its use as an anaesthetic agent appears 
until 1844, when Dr. Wells, of Connecticut, found that persons 
under its influence felt no pain while undergoing surgical opera- 
tions. Since then it has been generally employed in performing 
minor surgical operations, especially in relieving the pain inci- 
dent to the extraction of teeth. 

Ethyl ether was introduced as an ansosthetic by Dr. Morton in 
1846, and chloroform by Dr. Simpson in 1847. 

According to statistics, it is found that of the principal anses- 
thetics hyponitrous oxide is the safest, it having proved fatal 
only in 1 case in 300,000 cases in which it was administered, 
while ethyl ether has proved fatal in 1 case in 23,700 cases, and 
chloroform in 1 case in 2873 cases. 

Hyponitrous Acid, HNO. 

This acid has never been isolated, it being known only in 
combination with a metal as a hyponitrite. 

If is the oxyacid of hyponitrous oxide, but canj^be produced 
by the direct union of hyponitrous oxide and water, thus : — 

N,0 + H,0 = 2HN0. 

It may be produced, in combination with a metal as a hypo- 
nitrite, by treating sodium nitrate with sodium amalgam, thus : — 

Sodiam Sodium Sodium Sodium 

Nitrate. Amalgam. Hyponitrite. Hydroxide. 

NaNOs + Na,Hg + 2H,0 = NaNO + 4NaOH + Hg. 

On neutralizing the alkaline solution thus produced, with 
acetic acid, and adding argentic nitrate, a yellow precipitate of 
argentic hyponitrite, AgNO, is formed, thus : — 

NaNO + AgNOs = NaNO, + AgNO. 
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an atmosphere of KsO, is immediately extinguished, because the 
temperature evolved in the combustion is not high enough to 
decompose the N3O2. On the other hand, if a piece of ignited 
phosphorus be introduced into the gas, the phosphorus continues 
to burn, because the temperature evolved in the combustion is 
high enough to decompose the 'NtOt with the liberation of oxygen. 

When an ignited taper is applied to a mixture of nitrogen 
protoxide, N2O2, and carbon disulphide, CS2, combustion takes 
place with the production of an intensely white light. 

Nitrogen protoxide is a neutral substance. It does not com- 
bine with the elements of water to form an acid. 

It is employed as a test for free oxygen and to distinguish 
between the two gaseous supporters of combustion, hyponitrous 
oxide, NjO, and oxygen. With hyponitrous oxide no change 
occurs, whilst with free oxygen brownish-red fiimes of NjOs or 
of NjO^ are produced. 

Nitrous Oxide, NjOs. 

Molecular weight, 76. 

Preparation. — 1. By mixing four volumes of dry nitrogen pro- 
toxide, N2O2, with one volume of dry oxygen. 

N2O2 + O = N2O8. 

2. By the action of arsenious anhydride, AS2OS, upon nitric acid. 

AS2O, + 2HN08 = Afl205 + H2O + N2O8. 

Properties, — ^A brownish-red gas, condensing at a temperature 
of —18° C. to a blue liquid. 

It is capable of combining with the elements of water, if the 
water be ice-cold, to form an acid — nitrous acid, HNO2. 

N2O8 + H2O = 2HNO2. 

The acid is very unstable. The addition of an excess of water 
at ordinary temperature decomposes it into nitric acid and 
nitrogen protoxide. 

3N2O, + H2O = 2HNO3 + 2N2O2. 

Nitrous acid forms salts called nitrites. 

Potass. Nitrite. 

HNO, + KOH = KNO, + H,0, 
orNA +2K0H = 2KN0, + HA 
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The nitrates ofthe JS^gdL&Ikalies when heated give off oxygen 
and are reduced to nitrites. 

KNO, = KNO, + O. 

^11 mtrites are soluble in water. Argentic nitrite, AgNO,, 
is the least soluble of the nitrites. 

Nitrogen Dioxide, N3O4, or 2NO3. 

Molecular weight, 92. Specific gravity compared with hydro- 
gen, 23 ; hence the molecular formula is NO3, molecular weight, 
46. 

Preparation. — 1. By mixing four volumes of nitrogen pro- 
toxide, NjOa, with two volumes of oxygen. 

2N0 + O, = NA (or 2NO3). 

2. By heating dry plumbic nitrate, Pb(NOs),. 

2Pb(NOs), = 2PbO + 2NA + O,. 

Properties. — A brownish-red gas. 

Nitrogen and Hydrogen. 

Nitrogen and hydrogen under ordinary conditions have little 
affinity for each other, but under certain conditions enter into 
combination to form ammonia, NHg. 

Ammonia, NHs (knoum as Ammoniaoal Oaa). 

Molecular weight, 17. Specific gravity compared with hy- 
drogen, 8.5. Specific gravity compared with air, 0.589. 17 
grammes measure 22.32 litres. 

It is the third lightest substance known, the first l;>eing hydro- 
gen and the second marsh gas, CH^. 

It consists of 1 volume of nitrogen and 3 volumes of hydrogen 
condensed into 2 volumes. 

Special History. — Its combination as ammonium chloride, 
NH4CI (sal ammoniac), was known to Geber in the 7th century. 
Black, in 1756, studied its salts, and in 1790 Priestley obtained 
it in the gaseous state. 

Natural History. — It occurs in minute quantities in the air, 
especially after a thunder-storm, as ammonium nitrate, NH^NOs, 
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or as ammonium nitrite, NH4NO3. It is found in the soil as 
ammonium chloride. It is evolved in the decomposition of 
nitrogenous organic matters of animal origin in contact with air 
and moisture. 

Example, 

Urea. 

CO(NH02 + H2O = 2NH, + CO,. 

Iron, in rusting, decomposes the moisture of the air, the free 
hydrogen of which combines with atmospheric nitrogen to form 
ammonia. 

Whenever nitrogenous organic matter, in which the nitrogen 
is not present as an oxide, is heated with a fixed alkali, ammo- y 
niacal gas is evolved. V 

Preparation.— 1. Ammoniacal gas may be obtained by heating 
ordinary aqua ammonise. 

NH4OH = NH3 + H,0. 

2. It may be obtained from any ammonium salt by heating it 
with a fixed alkali. 

AmmoD. Chloride. Calcium Oxide. Calcium Chloride. 

2NH,C1 + CaO = CaCl, + H,0 + 2NH„ 

Sodium Hydroxide. Sod. Chloride. 

NH,C1 + NaOH = NaCl + H,0 + NH,. 

3. By heating nitrogenous organic matter of animal origin 
with a fixed alkali. 

4. By the destructive distillation of horn, coal, etc., in closed 
retorts. Most of the commercial ammonium salts are derived 
from the ammoniacal liquor produced in the destructive distil- 
lation of coal in making ordinary illuminating gas. 

Properties. — A colorless gas, having a pungent odor and strong 
alkaline properties. 

It is n^ a supporter of combustion, and is only feeblv com- 
bustible. In burning it, heat must be applied continuously from 
an outside source. 

The oxidation of ammonia may be efiected by introducing a 
hot platinum wire into a mixture of the gas with oxygen. 

Ammon. Nitrite. 

2NH, + 0, = NH«NO, + H,0. 
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At a temperature of 10° C. (50° P.) the gas is condensed to a 
liquid under a pressure of 6 atmospheres. At a temperature of 
—40° C. (—40° F.) it is condensed to a liquid under a pressure 
of 1 atmosphere. The liquid boils at a temperature of — 35° C. 
When ammonia passes from the liquid to the gaseous state cold 
is produced, and in passing from the gaseous to the liquid state 
heat is evolved. This property is made use of in artificially 
producing ice by means of ice machines. Liquid ammonia is 
first formed in suitable vessels, by condensing the gas, which 
liquid, in again becoming a gas, absorbs so much heat that 
it freezes the water surrounding the vessel containing the 
ammonia. 

The gasisexceedingly soluble in water. 1 volume of water at 
Q° 07(32^ 1\) absorbTT656"voiumes of the gas. 1 volume of 
water at 15° C. (69° F.) absorbs 727 volumes of the gas, this 
being about the strength of the stronger aqua ammonias of com- 
merce. 

The aqueous solijition of ammoniacal gas is also called ammo- 
nium hydroxide, NH4OH. 

The amount of KHs absorbed by water depends upon the tem - 
perature o f the water and the pressure exerted upon it. The 
loji^filjthe temperature of the water the more gas it will absorb. 
On passing the gas into water the latter increases in volume and 
decreases in density. Water at 50° F., saturated with the gas, 
has a specific gravity of 0.875, and contains 32.5% of NHg. 

Chemical Relations of NH^. — It is a basic c ompound, capable 
of entering into combination to f orm s alts. 

1. It is capable of uniting directly with oxyacid radicals, 
thus : — 

Sulphuric Anhydride. Sulphamic Acid. 

2NH, + SO, = N,H.^, (or (NH,)^0,). 

Carbon Dioxide. Ammon. Carbamate (Hypothetical). 

2. 2NH, + CO, = N,H.CO,. 

Ammon. Carbamate. Ammon. Carbonate. 

N,H,CO, + H,0 = (NH«),CO,. 

Carbamide (Urea). 

N,H,CO, — H,0 = CO(NH,),. 
NH,CO, = CO I Q§" carbamic acid. 
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True Salts of NH^. — 1. Ammonia, NHs, combines directly 
with acids to form salts without displacing the hydrogen of the 
acid. 

Ammonium Chloride. 

NH, + HCl = NH4CI. 

Ammonium Sulphate. 

2NH, + H,SO, = (NHO2SO4. 

Ammonia as a EeagerU.— It precipitates many b a§|^ ubstances. 

Eacample. 

PeSO* + 2NH,0H = Pe(OH), + (NH0,8O,. 

It precipitates all the metals except the alkalies and the alka- 
line earths — Ba, Sr, Ca, Mg — except when the latter are in con- 
centrated solution. 

Testa for Ammonia, — 1. Ammoniacal gas in contact with a 
glass rod moistened with hydrochloric acid produces white vapors 
of ammonium chloride. 

2. If the gas be simply in aqueous solution, it may be recog- 
nized by its odor, especially on boiling the liquid. 

8. If the ammonia be in combination as a salt, it may be de- 
tected by boiling the solution with sodium hydroxide and observ- 
ing the odor of the evolved ammoniacal gas. 

4. Nessler's test. Nessler's reagent is prepared by dissolving j 
25 grammes of potassium iodide in 100 c.c. distilled water and k 
adding a saturated solution of mercuric chloride until the L 
appearance of a slight permanent precipitate. 50 grammes of / 
potassium hydroxide are added, and the whole diluted with I / 
distilled water to a volume of 250 c.c. The precipitate is \ 
allowed to subside, and the clear liquid decanted and preserved J 
in well-stoppered bottles for use. 

On the addition of Nessler's reagent to a solution containing 
ammonia, free or in combination, a brown coloration or a brown 
precipitate, dependent upon the quantity of ammonia present, will 
be formed. 



Nessler's Reagent. 

2(KI),HgI, + 3Z0H + NH, = NHg,I,H,0 + 7KI + 2H 



,0.1^^' 



17 parts of NH, will form 559 parts NHgJ,HaO. 

5. Ammonia is precipitated by platinum chloride, PtCU, as 
ammonium platinic chloride, (NH4Cl)2PtCl4. 
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CARBON. 

Atomic weight, 12. Equivalent weight, 6. Specific heat of 

graphite (carbon), 0.2. Its specific heat multiplied by its atomic 

weight 0.2 X 12 = 2.4. If its capacity for heat (0.467) at a 

temperature of 600° C. be multiplied by 12, the product is 

5.604. 

0.467 X 12 = 5.604. 

Special History. — Carbon in the form of charcoal was koown 
to the ancients. 

In 1775, Lavoisier efiected the combustion of the diamond in 
oxygen, and thus proved that the product of the combustion in 
oxygen of the diamond and of cHarcoal was identical, namely, 
carbon dioxide, CO,. In 1790, Priestley established its element- 
ary character. 

Natural History. — It is found in the three kingdoms of nature. 

1. In the mineral k ingdom it is found in j^oal and in native 
garbonates, etc., andjj j^the atmog phfigg, as c arbon d ioxide, re- 
sulting from the re8gir ation j>^ ^"^'malfj the combustion ot car- 

bonaceous substances, volcanic gases, etc. 

~ III '^"' "" — , , 

2. Vegetable structures are largely composed of carbon in 

/»nmhinaf.inn Yf\t!h ^<^^hpr fjIftTnfintffi 



3. Animal tigai^ and produc ts are largely composed of car^ 
bon. 

Properties. — Carbon is a solid, devoid of taste or odor, and, 
excepting the diamond, of a black color. 

Carbon in all its forms is combustible in air or oxygen, yield- 
ing carbon dioxide as the sole product of its combustion. It is 
i nsoluM fiJg every known liquid. 

It crystallizes in two different forms, as octahedra and as hex- 
agonal prisms, therefore dimorphous. In nature it occurs mostly 
in the amorphous condition. 



Varieties of Carbon. — 1. Diamond. The diamond crystallizes 
in cubes or in octahedra. It is the purest form of carbon and is 
the hardest substance known. It possesses the highest index of 
refraction of any substance known. When burned in oxygen, 
the sole product of the combustion is carbon dioxide. Usually 
a slight ash, consisting of mineral matter, remains. 
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2. Oraphite. (Plumbago, Black Lead.) Graphite occurs in 
nature as a mineral. 

In early times it was thought to be lead (black lead) because 
when drawn over paper it produced a streak similar to that pro- 
duced by lead. 

Scheele in 1779 proved that it was simply an allotropic form 
of carbon. 

As found in nature it is contaminated with mineral matter. 
The purest specimen of graphite found contained from 95% to 
96% of carbon, the remainder being mineral matter. 

It is used in making lead pencils for writing purposes, and on 
account of its infusibility it is largely used in making crucibles. 
It is also used as a lubricating material for machinery. 

3. Coal. Varieties : — 

1. Anthracite (contains the largest percentage of carbon). 

2. Bituminous (contains less carbon than anthracite). 

3. Cannel (contains less carbon than bituminous). 

In additjion to carbon, all coals contain mineral matter. Sul- 
phur is a constituent of coal, partly in combination as bisulphide 
of iron and partly as free sulphur. 

4. Wood Charcoal. Obtained by burning wood in a limited 
supply of air. It has the property of absorbing certain gaseous 
substances. 1 part of charcoal will absorb about 93 parts of 
ammoniacal gas. It possesses the property of absorbing certain 
solid substances, such as the alkaloids, from liquids. 

5. Animal Charcoal. Obtained by burning bones in a limited 
supply of air. It contains from 85% to 90% of mineral matter, 
chiefly calcium phosphate and calcium carbonate. It is largely 
used as a decolorizing agent, especially in decolorizing solutions 
of raw sugar in the refining of sugar. 

6. Coke. Obtained by heating bituminous coal in closed iron 
retorts, an exit being provided for the escape of volatile matters. 
The higher the temperature to which the coal is subjected, the 
more dense the coke. In this process a deposition of carbon in 
an amorphous condition occurs on the sides of the hot retort. 
This amorphous carbon, known as gas-retort carbon, is exceed- 
ingly hard, and is sometimes employed for cutting glass. It is 
also used in making carbon pencils for the arc electric light 
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7. Lampblack, Obtained by burning substances rich in carbon 
— such as resins, oils and natural gas — in a current of air insuffi- 
cient for complete combustion. 

Chemical Properties, — Carbon, under ordinary conditions, is an 
extremely inert substance. It enters into combination as a 
tetravalent element, i. e,, equivalent in saturating power to 
four atoms of hydrogen, as CH^, CSj", CO,". In nature it is the 
transition element connecting the three kingdoms, animal, vegeta- 
ble and mineral. It exists in the air (mineral kingdom), from 
which it is assimilated by plants (vegetable kingdom), and plants 
are consumed by animals (animal kingdom), and the carbon is 
finally returned by them as CO, in exhaled air to the atmosphere 
(mineral kingdom), thus completing the cycle of the three 
kingdoms. 

COMPOUNDS OF CARBON AND OXYGEN. 

The only compounds of carbon and oxygen are carbon mon- 
oxide, CO, and carbon dioxide, CO,. 

Carbon Dioxide, CO, (sometimes called Carbonic Add). 
Molecular weight, 44. Specific gravity compared with hydro- 
gen, 22. Specific gravity compared with air, 1.524. 44 grammes 
measure 22.82 litres. 1 litre weighs 1.967 grammes. 1 cubid^ . 
centimetre weighs 0.001967 grm. 44 grains measure 93.33 cubicC *-'^<v»j> 
inches. It contains its own volume of oxygen, i, e., 100 cubic 
inches of CO, contain 100 cubic inches of oxygen, the carbon 
being condensed within the oxygen. 

Special History, — Carbon dioxide was known in early times. 
It was examined by Black in 1757, and called by him " Fixed 
Air." In 1775, Lavoisier, experimenting on the products of the 
combustion of the diamond in oxygen, determined its exact 
nature and named it carbonic acid. 

Natural History. — It is present in the atmosphere in the pro- 
portion of 2 to 4 parts per 10,000 parts of air. It is contained 
i n water, especially in the carbonated waters. Gaseous emana- 
tions from volcanoes co ntain it. It is found, in combination, as 
native carbonates, as calcium carbonate* magnesium carbonate, 
etc. Animals e x&ale it in^e process of respiration. Respired 
air contains about 4 ^ of carbon dioxide. It is the chief pro- 
duct of the combustion of c arbonace ona^ubstances in air. It 
15 
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occurs as a product of fermentation, in the process of lime-burn- 
ing and in the slow oxidation of moistened organic matter. 

PreparaJtion, — 1. By acting upon a carbonate with an acid, 
decomposition occurs, and carbon dioxide is evolved. 

Examples, 

Calcium Carbonate. 

CaCO, + 2Ha = CaCl, + H,0 + CO,. 

( Gallium Carbonate. v 

CaCO, + H^O, = CaSO. + H,0 + CO,. J 

Sodium Carbonate. '^ 

Na,CO, + H,S04 = NaaSO, + H,0 + CO2. 

2. By burning carbon or carbonaceous substances in air or 

in oxygen. 

C + Oa = CO,. 

Properties, — Carbon dioxide is a colorless gas. When undi- 
luted with air it has a pungent taste and odor. It is neither 
combustible nor a supporter of coml^u8ti9n. 

Metallic poiassium neated in an atmosphere of CO2 decomposes 
the GO2 with the production of potassium carbonate and the lib- 
eration of carbon. 

4K + 3CO2 = 2K2CO, + C. 

It is soluble in water. At ordinary barometric pressure, 1 
volume of water absorbs 1 volume of carbon dioxide; under 
twice the ordinary atmospheric pressure water absorbs 2 volumes 
of the gas ; under three times the ordinary pressure it absorbs 3 
volumes of the gas, etc. On the removal of the pressure above 
1 atmosphere all the dissolved gas escapes except the original 1 
volume. 

It is liquefied by a pressure of 38 atmospheres at a temperature 
of 0° C. (32° F.), and by a pressure of 50 atmospheres at a tem 
perature of 16° G. (60.8° F.), but no known pressure (109 atmo- 
spheres have been tried) will liquefy it at a temperature of 31.1° 
C. (88° F.\ Its critical temp eratur e is 31.1° C. 

It may exist in the gaseous, liquid or solid state, dependent 
upon the conditions of pressu re an d temperature. Carbon 
dioxide, being a non-supporier of combustion and heavier than 
air, extinguishes a flame when poured upon it. 



UNIVERSITY OF PENNSYLVANIA. Ill 

Physiologieal Properties, — Carbon dioxide taken into the stom- 
ach is harmless, but when inhaled acts as a direct poison. The 
undiluted gas causes death instantly by spasm of the glottis. 

Air containing 12 to 14 % of COs produces giddiness, quick- 
ened circulation of the blood, fullness in the head, perhaps deli- 
rium, and finally coma, which may last some time. 

Air containing 4 or 5 % of the gas (such as air once breathed) 
produces a feeling of oppression with headache, and perhaps 
delirium or coma. 

Air containing 3 % of the gas produces considerable distress 
and may produce insensibility. 

Air containing 1 or even 0.5 % of the gas produces a drowsy 
feeling. 

Its presence in the air to the extent of 0.1 % may be con- 
sidered the boundary line between good and bad air, it being 
understood that the carbon dioxide has been derived from the 
respiration of animals (see page 58). 

Chemical Properties, — Dry carbon dioxide has no effect upon 
blue litmus paper. When the moist gas is brought in contact 
with blue litmus, the blue is changed to red. 

With water it forms carbonic acid, HjCOs. This acid has 
never been isolated. 

CO, + H,0 = H,CO,. 

Carbonic acid combines with basic substances, forming carbo- 
nates of the bases. 

H,CO, + 2NaOH = Na^CO, + H,0. 

One atom or both atoms of the hydrogen in carbonic acid may 
be replaced by a metal, forming two classes of salts, called 
respectively acid and neutral carbonates, thus : — 

NaHCOs, acid sodium carbonate. 
Na^COa, neutral " 

Solubility of the Carbonates, — All carbonates are insoluble in 
water, except the carbonates of the alkalies and the bicarbonates 
of the alkaline earths ; therefore, if any soluble carbonate be 
added to a solution containing a salt of any metal other than an 
alkali, the metal will be precipitated as a carbonate. 

Detection of Carbon Dioxide, — ^The gas passed into a solution of 
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barium hydroxide, Ba(OH)a, or of calcium hydroxide, Ca(0H)2, 
produces a white precipitate of barium or of calcium carbonate. 

Bariam Carbonate. 

CO, + Ba(OH), = BaCOs + H,0. 

If the carbon dioxide be in combination as a carbonate, effer- 
vescence, due to the evolution of GO,, will occur on treating the 
carbonate with an acid. The identity of the evolved gas may be 
proved by passing it into a solution of barium hydroxide or of 
calcium hydroxide. 

The carbon dioxide in combination as a carbonate may be 
determined quantitatively in an apparatus devised for the pur- 
pose, consisting in general of a glass flask in which the carbonate 
is placed and another glass flask or receptacle to hold sulphuric 
acid. A weighed quantity of the carbonate is placed in one 
flask, a small quantity of water is added to it, sulphuric acid is 
placed in the other flask or receptacle, and the whole apparatus 
is weighed. The acid is now allowed to flow into the vessel con- 
taining the carbonate ; decomposition of the carbonate occurs at 
once, with the evolution of carbon dioxide, which, before escaping 
irom the apparatus, is dried by being obliged to pass through the 
unused portion of sulphuric acid in the apparatus. After the 
decomposition is completed, air is drawn through the apparatus 
to remove any carbon dioxide remaining in the flasks, and, after 
cooling, the whole apparatus is again weighed. 

The loss in weight is due to the escape of the carbon dioxide 
evolved from the weight of carbonate decomposed. 

Carbon Monoxide, CO (sometimes called Carbonic Oxide), 

Molecular weight, 28. Specific gravity compared with hydro- 
gen, 14. Specific gravity compared with air, 0.967. It contains 
half its volume of oxygen. 

Special History, — It was discovered by Priestley in 1796, who 
supposed it to be hydrogen. Its true nature was determined in 
1803 by Cruickshank and others. 

Natural History, — Carbon monoxide is not found in nature 
except as an artificial product. It is found in the air in the 
neighborhood of brick or lime kilns or wherever there is an in- 
complete combustion of carbon (coal, charcoal, etc.). The gases 
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issuing from blast furnaces, in the process of the reduction of the 
ores of iron, contain from 20 to 35 per cent, of carbon monoxide. 
The light blue flame produced in the burning of anthracite coal 
is due to the burning of carbon monoxide. 

PrepaTaiUm.-l. By^paseing carbon dioxide over red-hot 
carbon. 
^'" C0« + C = 2C0. 

2. By passing carbon dioxide over red -hot iron. 

4CO2 + 3Fe = FeA + 4C0. 

3. By heating oxalic acid or an oxalate with sulphuric acid. 

Oxalic Add. 

H,CA + H,SO, = H,0 + H2SO, + CO. + CO. 

The COa is separated from the CO by passing the mixed gases 
through a solution of sodAim hydroxide contained in a WoulfTs 
bottle. The CO2 will be absorbed by the NaOH, forming sodium 
carbonate, while the CO passes unabsorbed. 

4. By heating potassium ferrocyanide with sulphuric acid. 

Potass. Ferrocyanide. 

K,Fe(CN)e + 6Ha80, + 6H,0 = 2KaS0, + 3(NH,),S0, 

+ FeSO* + 6C0. 

5. By heating formic acid or a formate with sulphuric acid. 

Formic Acid. 

CH A + H,SO, = HaSO, + HaO + CO. 

Properties, — ^A colorless, odorless gas. It is slightly soluble in 
water. 100 volumes of water at 60° F. dissolve 2.43 volumes of 
CO. It is combustible, burning with a pale blue and very hot 
flame. The product of its combustion is carbon dioxide. It is 
not a supporter of combustion. 

Its critical point is — 139° C, at which it liquefies under a 
pressure of 35.6 atmospheres. At a temperature of — 190° C. it 
liquefies under a pressure of 1 atmosphere, and at — 210° C. it 
liquefies in a vacuum. 

It is one of the constituents, to the extent of about 34 %, of 
the illuminant called " water gas." Ordinary illuminating gas 
produced from the destructive distillation of bituminous coal 
contains from 3 to 7 per cent, of carbon monoxide. 
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It is an indifferent oxide, and enters into combination with 
very few substances. It has no effect upon red or blue litmus. 

Physiological Properties, — It is a true narcotic poison. Its 
poisonous action is due to its property of forming a fixed com- 
pound with the haemoglobin of the blood, namely, carbonic 
oxide haemoglobin, CeseHioasNiwOiegFeSsCO, molec. wt. 14,157. 
(See page 67.) 

COMPOUNDS OF CARBON AND HYDROGEN. 

The number of compounds of carbon and hydrogen is almost 
limitless. 

Those compounds composed of only carbon and hydrogen are 
called hydro- carbons. 

Two important compounds of carbon and hydrogen (hydro- 
carbons) are methane, CH^, and ethene, G2H4. 

Methane, CH* {Marsh Oas; Light Carburetted Hydrogen; 

Fire-damp; Oas of the Acetates), 

Molecular weight, 16. Specific gravity compared with hydro- 
gen, 8. Specific gravity compared with air, 0.5576. It is the 
second lightest substance known. 

16 grammes measure 22.32 litres. 1 litre weighs- 0.713 grm. 
16 grains measure 93.33 cubic inches. 

Special History, — It was first examined by Volta in 1778. He 
obtained it by stirring the mud in marshes and collecting the 
gas (marsh gas) as it ascended through the water. 

Natural History. — Methane occurs in swamps or stagnant 
pools and wherever vegetable matter is undergoing decomposi- 
tion out of contact with the air, but in the presence of moisture. 

It is a constituent of the gases emanating from petroleum 
wells, and is also a constituent of the so-called " Natural Gas " 
largely used for heating purposes. 

It occurs occluded in coal, and, escaping from it into the air 
of coal mines, constitutes ih^ fire-damp of the miners. 

Its origin in coal seams is supposed to be due to the action of 
water on coal (carbon). 

C, + 2H2O = CO2 + CH4. 
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Preparation. — 1, By heating an acetate of an alkali with 
solid sodium hydroxide. 

Sodium Acetate. Sod. Carbonate. Methane. 

NaCHsO, + NaOH = Na,COs + CH,. 

In preparing it by this method ordinary lime is usually added 
to the mixture to prevent the action of the caustic soda on the 
glass of the vessel in which the operation is conducted. It is, 
however, best performed in an iron instead of a glass retort. 

2. By the action of nascent hydrogen on chloroform, CHCIs. 

CHCls + 3H, = 3HC1 + CH4. 

3. By p assing steam over red-hot carbon (charcoal). 

3C + 2H,0 = 2C0 + CH4. 

4. By the destructive distillation of coal. 

Properties. — A colorless, odorless, tasteless gas. Sparingly 
soluble in water. 100 volumes of water at 0° C. (32*^ F.) 
absorb 5.4 volumes of the gas. It is combustible, burning with 
a pale illuminating flame and the production of considerable 
heat. When mixed with twice its volume of oxygen and a 
flame or a spark is applied to the mixture, violent explosion 
occurs, with the production of water and carbon dioxide (the 
choke-damp or white damp of the miners). 

CH, + 20; = 2H,0 + CO,. 

Explosion is most violent on igniting a mixture composed of 
one volume of marsh gas with ten volumes of air. 

Explosion occurs when a lighted taper is applied to a mixture 
of 1 volume of marsh gas with 15 volumes of air, and also in a 
mixture of 1 volume of marsh gas with only 6 volumes of air. 

Chlorine combines with it, when the mixture of the two gases 
is exposed to sunlight, with explosive violence, forming, in the 
presence of moisture, carbon dioxide and hydrochloric acid. 

CH, + 4Cla + 2H2O = COa + 8HC1. 

If the chlorine be present in great excess, it may substitute 
the hydrogen of the CH^ with the production of carbon tetra- 
chloride, CCI4, or lower derivatives, as CHCls, CH2CI2, etc. 

Chemical Properties. — It is a very inert gas, and does not form 
compounds except by substitution of its hydrogen. 



« 
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Ethene, C2H4 (Ethylene; Olefiant Oas; Heavy Carburetted 

Hydrogen), 

Molecular weight, 28. Molec. volume, 2. Specific gravity 
compared with hydrogen, 14. Specific gravity compared with 
air, 0.978. 

Special History . — Discovered by Diemann, in 1795, 

Natural History. — It is present in natural gas and in the 
explosive gases of coal mines. 

Preparation, — 1. By the destructive distillation of bituminous 
coal, resins, oils and fats. 

2. By the action of sulphuric acid on alcohol, CaHgOH, at a 
temperature of about 165° C. (329° F.). Sulphuric acid having 
a specific gravity of 1.580 boils at a temperature of 165° C, 
and, therefore, is well adapted for the purpose. Sulphuric acid 
of this specific gravity may be prepared by diluting 9 volumes 
of sulphuric acid of 1.842 spec, gravity with 4 volumes of water. 
(The mixture will have a spec, gravity of 1.581.) 

Two reactions occur in the preparation of C2H4 by the action 
of sulphuric acid on alcohol at a temperature of 165° C. In 
the first reaction sulphovinic acid, CaHgHSO^, is formed, which, 
on further heating, is immediately decomposed into ethene, C3H4, 
and sulphuric acid. 

Alcohol. Sulphoyinic Acid. 

1. CHjOH + H,SO, = CHJHSO, + H,0. 

Sulphoyinic Acid. Ethene. * 

2. C2H5HSO, = QH, + H2SO4. 

Sulphovinic acid, C2H5HSO4, heated at a temperature below 
127° C, breaks up into alcohol and sulphuric acid, thus : — 

Sulphovinic Acid. Alcohol. 

C2H5HSO* + H2O = C2H5OH + H2SO,. 

At a temperature between 127° C. and 153° C. two molecules 
of sulphovinic acid assimilate one molecule of water, with the 
formation of ethyl ether (03115)20 (ordinary ether) and sulphuric 
acid, thus : — 

Sulphoyinic Acid. Ethyl Ether. 

2CH,HSO, + H,0 = (C,Hs).0 + 2H^4. 
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At a temperature between 154° C. and 165° C. sulphovinic 
acid breaks up into ethene, C^H^ (olefiant gas) and sulphuric 
acid, thus : — 

Sulphoyinic Aoid. , Ethene. 

CHsHSO, = aH^ + HiSO,. 

At a temperature above 165° C. the sulphuric acid decom- 
^poses the ethene, with the production of carbon dioxide, water, 
sulphurous anhydride, SO2, and methane, CH4, thus : — 

Carbon Sulpharous 

Ethene. Dioxide. Annydride. Methane. 

CaH* + 2H,S0, = CO, + HaO + 280, + CH4. 

The methane produced in the reaction is decomposed at a 
higher temperature by the sulphuric acid present into water, 
sulphurous anhydride and free carbon, thus : — 

Methane. Sulphurous Anhydride. 

CH, + 2H,804 = 4H,0 + 280, + 0. 

Properties, — ^A colorless, tasteless gas, possessing a faint odor. 
It is combustible, burning with the production of a strong white 
light. It is the chief illuminating constituent of ordinary coal 
gas. 

A mixture consisting of 1 volume of the gas and 3 volumes 
of oxygen explodes on applying a flame or passing an electric 
spark through the mixture, with the production of 2 volumes of 
carbon dioxide and 2 molecules of water, thus : — 

C,H4 + 30, = 2C0, + 2H,0. 

Ethene mixed with its own volume of chlorine and exposed to 
sunlight, forms an oily compound called dichlorethene, CsH^Cl,. 



Illuminating Gas. Coal Gas. 

Ordinary illuminating gas is produced by the destructive dis- 
tillation of bituminous coal.' Coal gas is a mixture consisting of 
ijluminant s, dil uents and i mpu rities. The chief illuminant is 
ethene (olefiant gas). The diluents are hydrogen, methane and 
carbon monoxide. The impurities are carbon dioxide, sulphu- 
retted hydrogen and nitrogen. 
16 
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Pereeniage Composition of a Crude Illuminating Qms, 

Specific gravity of the gas, 0.532. 

Hydrogen, H, 34.84 

Methane, CH4, 39.22 

Ethene, CgH*, etc., 8.74 

Nitrogen, N, 3.08 

Carbon dioxide, CO2, 7.28 

Carbon monoxide, CO, 6.72 

Sulphuretted hydrogen, HgS, .... 0.12 



100.00 



The crude gas is purified by being passed through cylinders 
containing water, in which the solid and liquid impurities, as 
tar and water, are removed, and ammoniacal gas is absorbed. 
The gas is further purified by being passed through cylinders 
containing lime, which absorbs carbon dioxide and sulphur 
compounds. 

FLAME. 

On examining an ordinary flame — ^that of a candle, for instance 
— it is seen to consist of three concentric cones : the innermost, 
around the wick, appearing almost black, the next emitting a 
bright white light, and the outermost being so pale as to be 
almost invisible in daylight. 

The dark, innermost cone consists merely of the gaseous 
combustible to which the air does not penetrate, and which is 
therefore not in a state of combustion. 

In the second or luminous cone, combustion is taking place 
attended with the separation of carbon, which being in a state of 
incandescence confers luminosity upon this part of the flame. 

In the pale, outermost cone perfect combustion is taking place, 
the separated carbon is completely consumed, because the supply 
of air in contact with the flame is unlimited. 

In the flame of the blowpipe and also in the flame of the 
Bunsen burner, in both of which the combustible gas is mixed 
with a sufficient quantity of air before being burned, complete 
combustion of the carbon occurs, and therefore the flame is 
non-luminous. 

When flame is cooled below the temperature at which com- 
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bustion takes place, it is at once extinguished. The principle 
of the Davy miner's safety lamp depends upon the above fact. 
A Davy lamp may be carried into an explosive atmosphere, and 
although the combustible gas in the explosive atmosphere may 
burn within the wire gauze of the safety lamp with such energy 
as sometimes to heat the wire gauze to dull redness, the flame is 
not communicated to the explosive mixture outside. 

--v carbon and nitrogen. 

Cyanogen, CN. 

Molecular formula, C^Na. 

Cyanogen is sometimes represented by Cy, the abbreviation 
of the name. As represented by the formula CN, the sum of the 
atomic weights is 26, which is the specific gravity of the sub- 
stance compared with hydrogen. This formula (CN) must be 
doubled in order to obtain a formula which will express a quantity 
of the compound twice its specific gravity compared with hydro- 
gen ; hence the molecule of cyanogen is expressed by the formula 
C2N3, and therefore the molecular weight of the compound is 52. 
Specific gravity compared with hydrogen, 26. Specific gravity 
compared with air, 1.801. 52 grammes measure 22.32 litres. 

Special History, — Compounds of this substance were known in 
early times. It was known in its combination as Prussian blue 
by Diesbach in 1704. Its combination with hydrogen as hydro- 
cyanic acid, prussic acid, HCN, in solution, was discovered by 
Scheele in 1782. Gay-Lussac, in 1811, isolated its combination 
with hydrogen, as hydrocyanic acid in its anhydrous state, and 
in 1815 isolated cyanogen itself. Because it behaved as an 
elementary form of matter, Gay-Lussac believed it to be an 
element. Its compound nature was afterward proved, and it 

was then termed a " radical." It was the first radical discovered. 

— ,, . ,. _ - - • " 

Natural History, — It is not found in nature in the free state. It 
is contained in the gases issuing from blast furnaces. In the 
vegetable kingdom it is produced by the action of emulsin, 
a ferment, upon amygdalin, both being constituents of bitter 
almonds, peach kernels, etc. 

Oil of Hydrocyanic 

AmygdaliD. Bitter Almonds. Acid. Glucose. 

CmH„NOxi + 2H,0 = CH.0 + HCN + 2C,Hi,0.. 
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Preparation. 

1. By heating dry mercuric cyanide, Hg(CN)2. 

Hg(CN), = Hg + 2CN. 

2. By heating potassium ferrocyanide with mercuric chloride. 

Potass. Mercuric 

Ferrocyanide. Chloride. 

K,Fe(CN)6 + 2HgCl, = 4KC1 + FeCCN), + 4CN + Hg,. 

3. By the destructive distillation of ammonium oxalate. 

Ammon. Oxalate. 

(NHOAO* = 4H,0 + 2CN. 

Properties. — A colorless gas, possessing the odor of bitter 
almonds. It is soluble in water, 1 volume of water at ordinary 
temperature absorbing 4 volumes of the gas. It is very soluble 
in alcohol. Its aqueous solution on standing undergoes decom- 
position with the formation of ammonium oxalate, thus : — 

AmmoD. Oxalate. 

4H,0 + 2CN = (NHOAO*. 

It liquefies at ordinary temperature under a pressure of 4 
atmospheres, and at a temperature of — 30° C. ( — 22° F.) it 
liquefies under a pressure of 1 atmosphere. It becomes solid at 
a temperature of —35° C. (—30° F.). 

It is combustible, burning with a characteristic peach-blossom- 
colored flame. 

Physiological Properties. — It is an intensely poisonous sub- 
stance. 

Chemical Properties. — It is an electro-negative radical, and 
therefore is capable of playing the part of an electro-negative 
element. In entering into combination chemically, it is analo- 
gous in its behavior to chlorine, iodine and bromine. 

It will unite with a positive metal to form a cyanide. 

« 

Potass. Cyanide. 

K + CN = KCK 

When passed into a solution of potassium hydroxide it pro- 
duces potassium cyanide, potassium cyanate and water, thus : — 

Potass. Cyanide. Potass. Cyanate. 

2K0H + 2CN = KCN + KCNO + H,0. 
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The cyanides are readily decomposed on the addition of an 
acid, with the production of hydrocyanic acid. 

Potass. Cyanide. Hydrocyanic Acid. 

KCN + HCl = KCl + HCN. 

( All cyanides are i nsolu ble in water, except the cyanides of the| v^. ..jsr- 

alkalies, the alkaline earths and mercuric cyanide. j.xa/>-\«-^ 

If a carbonate of an alkali, for example potassium carbonate, 
be heated, under appropriate conditions, with carbon (charcoal), 
the carbonate is reduced and metallic potassium separates, 
thus : — 

K,COs + 2C = K, + 3C0. 

If a carbonate of an alkali be heated with nitrogenous organic 
matter, a cyanide of the alkali will be produced, thus: — 

Potass. Cyanide. 

K,COs + C + N, = 2KCN + O,. 

Ferrocyanogen, — If a carbonate of an alkali and nitrogenous 
organic matter (horn, leather, etc.) be heated with iron filings 
and the fused mass be treated with boiling water, an electro- 
negative radical called ferrocyanogen, Fe(CN)6, is produced, 
which enters into combination with the alkali to form a ferro- 
cyanide. 

Potass. Cyanide. Potass. Ferrocyanide. Potass. Oxide. 

6KCN + Fe + O = K,Fe(CN)« + K,0. 

Hydroferroeyanic Add. — Potassium ferrocyanide, when treated 
with a mineral acid, is broken up into potassium chloride and 
hydroferroeyanic add. 

Hydroferroeyanic 
Potass. Ferrocyanide. Acid. 

K^FeCCN). + 4HC1 = H4Fe(CN). + 4KC1. 

The four atoms of hydrogen in hydroferroeyanic acid are 
replaceable by a metal, therefore the radical ferrocyanogen, 
Fe(CN)6, is tetravalent. The radical ferrocyanogen is sometimes 
represented by the abbreviation Cfy. 

Potassium ferrocyanide (yellow prussiate of potash), K4Fe(CN)8, 
is employed as a reagent in testing for iron in combination as a 
ferric salt. With a ferric salt it produces a blue precipitate of 
ferric ferrocyanide (Prussian blue), Fe4(Fe(CN)6)8 = Fe7(CN)i8. 

Ferric Ferrocranide. 
Potass. Ferrocyanide. Ferric Chloride. (Prussian Blue.) 

3K,Fe(CN), + 2Fe,Cl, = Fe4(Fe(CN),), + 12KC1. 
Potassium ferrocyanide has no action on ferrous salts. 
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Ferricyanogen. — If chlorine be passed through a solution of 
potassium ferrocyanide, K4Fe(CN)e, it withdraws part of the 
potassium from the potassium ferrecjanide, producing a new 
radical, ferricyanogen, Fe2(CN)i2, in combination as potassium 
ferricyanide (red prussiate of potash), KePe2(CN)i2. 

Ferricyanogen is an electro-negative, hexavalent radical. The 
radical ferricyanogen is sometimes represented by the abbrevia- 
tion Cdfy. 

Ferricyanogen in combination is sometimes represented as a 
half molecule, as, for instance, with potassium, KsFe(GN)6 instead 
of K«Fe2(CN)i2. 

Hydroferricyanic Add, — Plumbic ferricyanide, when treated 
with sulphuric acid, is broken up into plumbic sulphate and 
hydroferricyanic add, 

Plambic Plumbic Hjdroferricyanlc 

Ferricyanide. Sulphate. Acid. 

PbsFe2(CN)i, + 3H2SO4 = SPbSO* + H«Fe,(CN)i,. 

Potassium ferricyanide is employed as a reagent in testing for 
iron in combination as a ferrous salt. With a ferrous salt it 
produces a blue precipitate of ferrous ferricyanide (TurnbuU's 
blue), FesFe^CCN)!,. 

Fotam. Ferrous Ferrous FerricTanide. Pot4iss. 

Ferricyanide. Sulphate. (TurnbuU's Blue.) Sulphate. 

KeFe^CCN)^ + SFeSO, = ¥^¥e,{C^\, + SK^SO*. 

Potassium ferricyanide has no action on ferric salts. 
If potassium ferrocyanide be heated with sulphur, a radical, 
called sulphocyanogen, CNS, is produced. 

Potass. Potass. Ferrous 

Ferrocyanide. Sulphocyanide. Sulphocyanide. 

K,Fe(CN)6 + 6S = 4KCNS + FeCCNS)^. 

To convert all of the sulphocyanogen produced in the above 
reaction into potassium sulphocyanide, the solution of potassium 
and ferrous sulphocyanides is treated with potassium carbonate, 
which precipitates the iron as carbonate. 

Fe(CN8)2 + K,COs = 2KCNS + FeCOs 

Hydraaulphocyanic Add. — Plumbic sulphocyanide when treated 
with sulphuretted hydrogen is broken up into plumbic sulphide 
and hydrosulphocyanic acid. 

Plumbic Sulph. Plumbic Hydrosulphocyanic 

Sulphocyanide. Hydrogen. Sulphide. Acid. 

Pb(CNS), + H.S = PbS + 2HCNS. 
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Potassium sulphocjanide, KGNS, is employed as a delicate 
test for iron in combination as a ferric salt. With a ferric salt 
it produces an intense claret-red color, which color is destroyed 
on the addition of mergai jc ch loride. Meconic acid produces 
the same color with a ferric salt, but in the case of meconic acid 
the red color is not destroyed on the addition of mercuric 
chloride. 

Cyanogen occurs in human saliva in combination as a sulpho- 
cyanide. 

Hydrocyanic Acid, HCN. (HCy.) 

Molecular weight, 27. Molecular volume, 2. Specific grav- 
ity compared with hydrogen, 13.5. Specific gravity of the liquid 
acid at 7.2° C, compared with water, 0.705. Specific gravity 
of the liquid acid at 18° C, 0.696. It is one of the lightest 
liquids known, the lightest being cymogen, a petroleum product 
having a specific gravity of 0.59. 

Special History, — Hydrocyanic acid in aqueous solution was 
discovered by Scheele in 1782. In 1811 Gay-Lussac obtained it 
in its anhydrous condition. 

Natural History, — It is' found in the aqueous distillate from 
cherry kernels, peach kernels, bitter almonds, etc. Its forma- 
tion in these kernels is due to the action of the ferment, emulsin, 
upon the amygdalin of the kernel. It is contained in varying 
quantities in cherry brandy, « cherry bounce," etc. 

Preparation, — 1. By passing a stream of sulphuretted hydrogen 
over gently heated (temp. 30° C.) mercuric cyanide. 

Mercuric Sulph. Mercuric Hydrocvanic 

Cjanide. Hydrogen. Sulphide. Acid. 

Hg(CN)2 + H,S = HgS + 2HCN. 

2. By heating together chloroform and ammonia. 

Chloroform. Ammonia. 

CHCls + NHs = 3HC1 + HCN. 

3. By distilling potassium ferrocyanide wfth dilute sulphuric 
acid. (The best proportions are 10 parts of potass, ferrocyanide, 
7 parts sulphuric acid and 14 parts of water.) 

Potass. Potassium Potass. Hydrocvanic 

Ferrocyanide. Sulphuric Acid. Ferro-ferrocyanide. Sulphate. Acid. 

2K4Fe(CN), + 3H^0, = K,FeFe(CN), + SKjSO. + 6HCN. 
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4. By acting on a cyanide of a metal with an acid. 

Potass. Hydrochloric Potass. Hydrocyanic 
QyaDide. Acid. Chloride. Acid. 

KCN + HCl = KCl + HON. 

A two per cent, aqueous solution of hydrocyanic acid may be 
prepared by dissolving 100 grains of tartaric acid in two fluid- 
ounces of water and adding 44 grains of potassium cyanide. 

Properties, — Hydrocyanic acid, in its anhydrous state, is a 
colorless, highly volatile liquid possessing an odor of bitter 
almonds. It freezes at —17.8^ C. (0° F.) and boils at 26.1° C. 
(79° F.). It mixes with water and alcohol in all proportions. 

Both the pure acid and the aqueous solution decompose on 
standing (particularly when exposed to the light), with the sepa- 
ration of a brown substance called paracyanogen (CN), and the 
production of ammonium oxalate and formate. A trace of 
mineral acid in the aqueous solution appears to retard the 
decomposition. 

Ammon. Oxalate. 

2CN + 4H,0 = (NH4)A04. 

Ammon. Formate. 

HCN + 2H2O = NH^CHO^. 

The aqueous solution of hydrocyanic acid, according to the 
U. S. Pharmacopoeia, contains 2% of anhydrous hydrocyanic 
acid. As the acid in aqueous solution readily undergoes decom- 
position, the strength of the solution may be determined, when 
necessary, by precipitating the acid in a definite volume of the 
solution as argentic cyanide by means of argentic nitrate, and 
calculating the quantity of hydrocyanic acid present from the 
weight of argentic cyanide obtained. 

Hydrocyanic Ai^^ntic Argentic Nitric i 

Add. Nitrate. Qyanide. Acid. 

HCN + AgNOs = AgCN + HNOs. 

1 molecule of HCN furnishes 1 molecule of AgCN, or 27 
parts of HCN (molec. wt. of HCN = 27) furnish 134 parts of 
AgCN (molec. wt. of AgCN = 134), therefore 1 part of HCN 
will furnish 4.96 parts of AgCN, thus : — 

27 : 134 : : 1 : 4.96. 

Divide the weight of precipitate of AgCN obtained by 4.96, 
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and the result will represent the amount of HON present in the 
volume of HCN solution employed. 

The quantity of HCN may also be calculated by the follow- 
ing proportion :— 

AgCN. HCN. 

134 : 27 : : wt. of prec. of AgCN obtained : x. 

The result will represent the amount of HCN present in the 
volume of HCN solution employed. 

Chemical Properties. — Hydrocyanic acid is classed with the 
hydrogen acids. It is possibly the weakest acid known, its 
acid properties being so feeble that it cannot even displace 
carbonic acid from its compounds. 

The hydrogen of hydrocyanic acid may be replaced by a 
metal to form a cyanide of the metal. In this respect it is 
analogous to hydrochloric acid. 

HCN + KOH = KCN + HA 
HC1 + K0H = KC1 +HA 

All cyanides are insoluble, except the cyanides of the alka- 
lies and alkaline earths and mercuric cyanide. 

All cyanides are decomposed on the addition of an acid, with 
the production of hydrocyanic acid. 

Physiological Properties. — It is one of the most deadly poisons 
known, and the most rapidly fatal, with possibly the single 
exception of nicotine. There are poisons which prove fatal 
when administered in smaller quantities, but none produce 
death so rapidly as hydrocyanic acid (except nicotine). It 
generally causes death in from a fractional part of a minute to 
five or even fifteen minutes. -^^ of a grain of the acid has 
proved fatal. Antidote: cold afiusion, and the breathing of 
diluted ammoniacal gas, or of chlorine. 

The usual chemical antidote is a mixture of ferrous and ferric 
salts (ferrous sulphate, FeSO*, and ferric chloride, Pe2Cl6), fol- 
lowed immediately by the administration of an alkaline carbon- 
ate (sodium carbonate, NajCOs). The unabsorbed hydrocyanic 
acid is converted into insoluble Prussian blue, which may be 
removed from the stomach by means of an emetic, or the stomach 
pump. However, in hydrocyanic acid poisoning the results are 
so quickly fatal that death usually occurs before an antidote can 

be administered. 
17 
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Detection of hydrocyanic acid. 

There are three principal tests, namely : — 

The silver test. 

The iron test. 

The sulphur test. 

1. The silver test. 

(a) The hydrocyanic acid is precipitated by the addition of 
argentic nitrate. The precipitated argentic cyanide is dried and 
placed in a small glass ignition tube having a drawn-out ex- 
tremity. The argentic cyanide in the tube is heated, and cyan- 
ogen is given off, which, when ignited at the drawn-out extremity 
of the tube, burns with a characteristic peach-blossom-colored 
flame. Delicacy^of the test, -5^ of a grain of hydrocyanic acid. 

(6) The mouth of the glass~jar or bottle containing the 
hydrocyanic acid is covered with an inverted watch glass in 
which has been previously placed a drop of argentic nitrate 
solution. Sooner or later, the vapor of the acid coming in con- 
tact with the argentic nitrate will produce microscopic prismatic 
crystals of argentic cyanide. If the acid be present in large 
quantity, the deposit will likely be mostly amorphous. No other 
substance known will, under similar conditions, produce a crys- 
talline deposit with argentic nitrate. Delicacy of the test, 
yiP^Tj- of a grain of hydrocyanic acid. The identity of the 
crystals may be confirmed by applying the iron and sulphur tests. 

2. The iron teat. 

(a) The solution containing free hydrocyanic acid is rendered 
slightly alkaline with potassium hydroxide, which latter enters 
into combination with the acid to form potassium cyanide. A 
mixture of a ferrous and a ferric salt (ferrous sulphate and ferric 
chloride) is now added, followed by the addition of hydrochloric 
acid. A blue precipitate (Prussian blue) will appear, indicating 
the presence of a cyanide. Thus : — 



Potass. 
Cyanide. 


Ferrous 
Sulphate. 


Ferric 
Chloride. 






I8KCN + SFeSOi + 2Fe,Cl, — 










Potass. 


Potass. 








Sulphate. 


Chloride. 


Prussian Blue. 






SK^O, 


+ 12KC1 + Fe4(Fe(CN),),. 



(6) The iron test is also applicable for the detection of the 
vapor of hydrocyanic acid. The mouth of the vessel containing 
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the acid is covered with an inverted watch glasd in which has 
been previously placed a drop or two of potassium hydroxide. 
The alkali will absorb the vapor, with the formation of potassium 
cyanide. The drop on the watch glass is treated with a mixture 
of a ferrous and a ferric salt and then with hydrochloric acid, as 
above described. Prussian blue will appear. Delicacy of the 
test, T^finr ^^ ^ grain of hydrocyanic acid. 

3. The sulphur test. 

(a) A few drops of yellow ammonium sulphide (NH4)aS are 
added to the solution containing the hydrocyanic acid or cyan- 
ide, and the whole evaporated on a water bath almost to dryness. 
Should the residue have a yellow color, it is moistened with a 
drop of water and again evaporated. This moistening with water 
and evaporating should be repeated until the yellow color of the 
residue is destroyed and nothing having color remains except, 
possibly, a slight film of canary-yellow sulphur. (This procedure 
is necessary to drive off all the ammonium sulphide, otherwise a 
black precipitate of sulphide of iron would be produced further 
on.) The cyanogen is now in combination with sulphur and 
ammonium as ammonium sulphocyanide, NH4CNS. The cooled 
residue is dissolved in a drop or two of water and treated with 
a dilute solution of ferric chloride. A claret-red color will be 
produced, due to the formation of sulphocyanide of iron. Mer- 
curic chloride destroys the color. Delicacy of the test, Yzhnf ^^ 
a grain of hydrocyanic acid. 

(b) The sulphur test is also applicable for the detection of the 
vapor of hydrocyanic acidv A drop of ammonium sulphide is 
placed on a watch glass and inverted over the mouth of the 
vessel containing the hydrocyanic acid. After a time the watch 
glass is placed on a water bath and the liquid evaporated almost 
to dryness, etc., and then treated with a drop of dilute ferric 
chloride solution, as above described. 

Delicacy of the test as thus applied (vapor), y^+^nr 0^ * grain 
of hydrocyanic acid. 

SULPHUR. 

Atomic weight, 82. Molecular weight, 64. Molecular volume 
(at 1000° C), 2. Below a temperature of 1000° C. the molecular 
volume is one-third the normal volume. Its specific gravity in 
the gaseous state, below a temperature of 1000° C, compared 
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with hydrogen is 96. At a temperature above 1000° C. it sud- 
denly expands and becomes normal as regards its specific gravity 
compared with hydrogen, namely, 32. 

Its capacity for heat is 0.2. If its capacity for heat be mul- 
tiplied by 32, the result will be 6.4, and therefore 32 is assumed 
to be the true atomic weight of sulphur. The specific gravity of 
sulphur compared with water is about 2.0. 

Spedal History.— Sulphur was known in the earliest times. It 
is mentioned in the Bible, Genesis xix, 24, as brimstone. 

Natural History. — It is found widely distributed in nature, 
both as free sulphur and in combination. 

In volcanic distrlcts^ sulphur is found in the free state either 
in yellow crystals or in opaque amorphous masses. 

It occurs in combination with hydrogen as sulphuretted hydro- 
gen, H2S, in springs of sulphuretted water. It also occurs in 
combination with metals as sulphides. Examples, ferric sul- 
phide, FeSj^ (iron pyrites), plumbic' sulphide, PbS (galenite), 
mercuric sulphide, HgS (cinnabar), etc. 

It is found in combination as sulphates. Examples, calcium 
sulphate, CaSO^ (gypsum), magnesium sulphate, MgSOi (Epsom 
salt), sodium sulphate, NagSO* (Glauber's salt), etc. 

It is a constituent of many organic substances, both of vegetable 
and aiujpal origin. Examples ; substances of vegetable origin, 
gluten, vegetable albumen and the acrid volatile oils, as oil of 
mustard ; substances of animal origin, albumen, fibrin, casein, 
muscular tissue, hair, etc. Hair contains from -4 to 6% of 
sulphur. 

Preparation. — 1, By melting out the sulphur from its im- 
purities. 

2. By distilling the sulphur in earthenware retorts and col- 
lecting the distilled sulphur in water. The sulphur thus obtained 
is redistilled in iron retorts, and the distilled sulphur collected 
either in cooled chambers constructed of brick (forming flowers 
of sulphur), or in water, from which it is afterward taken and 
melted and cast into rolls (forming roll sulphur). 

3. By the distillation of iron or copper pyrites in iron retorts. 

Properties. — The properties of sulphur differ according to the 
variety. 
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Varieties. — Native sulphur, which occurs naturally in an amor- 
phous condition or as octahedral crystals. It may be obtained 
in the form of octahedral crystals by the slow evaporation of a 
solution of sulphur in carbon disulphide. 

Prismatic sulphur, obtained by fusing native sulphur and 
allowing it to crystallize. 

Ductile sulphur, prepared by pouring melted sulphur heated 
to a temperature of about 800° F. into cold water. 

Milk of sulphur (precipitated sulphur), obtained by precipitat- 
ing the sulphur of an alkaline sulphide (polysulphide) with an 
acid. 

K^5 + 2HC1 = 2KC1 + H,S + 48. 

Sulphur is found in commerce either as roll sulphur or as 
flowers of sulphur. It is dimorphous, t. e,, capable of crystallizing 
in two distinct forms, namely, octahedra and in oblique prisms. 
Ordinary sulphur as found in commerce is yellow, but the colors 
of its allotropic modifications are various. Native sulphur is 
somewhat transparent, whilst all the other forms are opaque. 
It is devoid of taste and odor. 

Sulphur melts at a temperature of from 111° C. to 115° C. 
It vaporizes at 400° C, at which temperature its vapor density 
compared with hydrogen is 96. If heated to a temperature of 
1000° C, its vapor density compared with hydrogen is 32. 

Sulphur is insoluble in water, but soluble in turpentine, the 
fixed oils, petroleum ether (benzene), chloroform, ether, alcohol, 
and especially soluble in carbon disulphide. 

Chemical Properties, — It unites with all the elements except 
nitrogen. Normally it is an electro-negative element, but it also 
acts as an electro-positive element. 

It is electro-negative in its combination with hydrogen as 
sulphuretted hydrogen, HaS. The electro-negative form is soluble 
in carbon disulphide. 

It is electro-positive in its combination with oxygen as sul- 
phurous anhydride, SO2. The electropositive form is insoluble in 
carbon disulphide. 

Sulphur enters into combination with the metals to form 
sulphides, as plumbic sulphide, PbS. 
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COMPOUNDS OF SULPHUR AND OXYGEN. 

Only three oxides of sulphur have thus far been isolated, 
namely : — 

SO3, Sulphurous oxide or anhydride. 

SOs, Sulphuric oxide or anhydride. 

S3O7, Hypersulphuric oxide or anhydride. 

They are oxyacid radicals and are capable of forming oxyacids 
with the elements of water. 

There are twelve oxyacids of sulphur, namely : — 
H,SO,, Hyposulphurous acid (this acid and its corresponding 
anhydride have never been isolated). 
HaSOs, Sulphurous acid (corresponding anhydride, SO2). 

H,S04, Sulphuric acid ( " " SOj). 

HAOb, Hypersulphuric acid ( " " S,Ot). 

HaSjOs, Thiosulphurous acid. 
HaSaOi, Thiosulphuric acid. 
H,8s07, Di-sulphuric acid (not a distinct oxyacid). 

Polythionw Series. 
HaSaOa, Dithionic acid, 
HaSsOs, Trithionic acid. 
HaS^Os, Tetrathionic acid. 
HaSsOe, Pentathionic acid. 
HaSaOg, Hexathionic acid. 

Sulphuric Anhydride, SOs. 

Molecular weight, 80. Molecular volume, 2. Specific gravity 
compared with hydrogen, 40. Specific gravity in the solid state, 
compared with water, 1.95, in the liquid state, 1.97. 

Natural History, — Occurs in nature in combination in native 
sulphates ; calcium sulphate, CaSOi = CaO,SOs. 

Preparation.-^l. By passing a dry mixture of sulphurous an- 
hydride and oxygen over red-hot platinized asbestos and collect- 
ing the resulting sulphuric anhydride in an ice-cold receiver. 

Salpharous Anhydride. Sulphuric Anhydride. 
SOa -t- O = SOs. 

2. By distilling Nordhausen sulphuric acid and collecting the 
distillate in an ice-cold receiver. 

Nordhausen Sulphuric Acid. 

HaSaO^ = HaS04 + SO^,. 
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3. By the action of heat on anhydrous sodium bisulphate. 

Sodiam Bisulphate. Sodium Sulphate. 

NajOCSOs), = Na,S04 + SOs. 

4. By heating a mixture of sulphuric acid and phosphoric 
anhydride, ' '^ - - 

"* Phosphoric Anhydride. Metaphosphoric Acid. 

H,S04 + P2O5 = 2HP08 + SO,. 

Properties, — Sulphuric anhydride is a white, odorless, crystal- 
line substance. In appearance it resembles asbestos. It fuses 
at 18.3° C. (65° P.) and boils at 35° C. (95° P.). 

Chemical Properties, — In the dry state it has no action on lit- 
mus, but with moisture it forms sulphuric acid, which immedi- 
ately acts upon the litmus. 

There are four hydrates of sulphuric anhydride, namely: — 

H,0(S08)2 = HaSaOy, Nordhausen sulphuric acid. 

HjOSOs = H^Oi, Sulphuric acid (monohydrate). 

(H,0)aS08 = HjSOiHjO, Glacial sulphuric acid (dihydrate). 

(HaO^SOs = HJS04,2HaO, Graham's sulphuric acid (trihy- 

drate). 

Nordhausen Sulphuric Acid, HjSaO^. 

Preparation. — On exposing ferric sulphide, PeSa (iron pyrites), 
to the air, in the presence of moisture, oxidation occurs, and 
ferrous sulphate and sulphuric acid are formed. 

Ferric Sulphide. Ferrous Sulphate. 

FeS, + O7 + 8H,0 = PeS04,7H,0 + H^SO*. 

The ferrous sulphate is heated in contact with air, to drive off 
the 7 molecules of water of crystallization, and also to oxidize 
the ferrous sulphate to ferric sulphate. 

Ferrous Sulphate. Ferric Sulphate. Ferric Oxide. 

ePeSO^ + 30 = 2Pe2(S04), + Fe,0,. 

The ferric sulphate is now heated at a high temperature in 
earthenware retorts, whereby it undergoes decomposition into 
ferric oxide a^d sulphuric anhydride, which latter distills over 
and is collected in a suitable vessel. 

Pe2(SO08 = PeA + 3SO3. 
In the ferric sulphate which is heated in the retort, there is 
always a small quantity of water which distills over and com- 
bines with the SOs, producing the liquid acid. 

2SO3 + H2O = HaSaOy. 
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Propertiea. — Nordhausen sulphuric acid (called Nordhausen 
because it is prepared on a large scale in Nordhausen, a town in 
Saxony) is an oily liquid, having a specific gravity of 1.9, and 
as found in commerce is usually of a brownish color, owing to 
the presence of a minute quantity of organic matter. The acid 
has an intense affinity for moisture. 

It is largely used in the process of dyeing, to dissolve indigo. 

Sulphuric Acid, H2SO4 {Oil of Vitriol). 

Molecular weight, 98. Molecular volume, 4. Its observed 
specific gravity in the gaseous state, compared with hydrogen, is 
not one-half the molecular weight, 49, but 24.5. 98 grammes 
of H2SO4 in the gaseous state measure 44.64 litres, because, when 
the acid is heated to its point of vaporization, dissociation occurs, 
and one molecule of the acid breaks up into one molecule of 
H2O and one molecule of SO3, and as each of the latter mole- 
cules, expressed in grammes, in the gaseous state measures 22.32 
litres, the combined volumes measure 44.64 litres. 

Special History, — Sulphuric acid was probably known to Geber 
in the 7th century. It is mentioned by Basil Valentine in the 
15th century. 

Natural History. — In the mineral kingdom it is found in the 
free state, as a result of the oxidatioii of sulphur, in the so-called 
" vinegar springs " of volcanic districts. The Rio Vinagre, a 
river in South America, derives its name from the sour taste of 
the water, due to the presence of free sulphuric acid. 

It is found in combination in native sulphat^. 

Preparation. — By passing sulphurous anhydride, SO,, vapors 
of nitric acid, HNOg, steam, HjO, and air into a leaden chamber, 
so arranged as to ensure their perfect admixture. The bottom 
of the chamber is covered with a thin layer of water. 

The sulphurous anhydride is obtained by burning crude sul- 
phur or pyrites in air. 

The nitric acid is produced by the action of sulphuric acid on 
sodium nitrate. 

The steam is derived from a steam boiler. 

The air is provided in sufficient quantity by passing a constant 
current through the chamber. 
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Reaetions Concerned in the Method. — ^The nitric acid oxidizes 
the sulphurous anhydride, thereby converting it, in the presence 
of water, into sulphuric acid. 

Sulphurous Nltro^n 

Anhydride. Nitric Add. Water. Sulphuric Acid. Protoxide. 

3S0, + 2HN0, + 2H,0 = SH^O* + NA. 

The nitrogen protoxide in the reaction immediately combines 
with oxygen from the air and becomes nitrogen tetroxide 
(dioxide), N2O4, which is again capable of converting fresh sul- 
phurous anhydride into sulphuric acid. 

Nitrogen Protoxide. Nitrogen Tetroxide. 

N,Oa + O, = NaO*. 

NaO* + 2S0, + 2H2O = 2H2SO4 + NjOa. 

Thus, theoretically, a small quantity of nitric acid vapor, in the 
presence of air and moisture, will convert an indefinite quantity 
of sulphurous anhydride into sulphuric anhydride, the NzOt 
merely acting as a carrier of oxygen to the sulphurous anhydride. 

The acid thus obtained in the leaden chamber has a specific 
gravity of 1.55 and contains 64% of H2SO4. It is now evapo- 
rated in leaden pans until it has a specific gravity of 1.71, 
beyond which it would seriously corrode the leaden pans. It 
now contains 78 % of HjSOv It is further concentrated by 
being heated in a platinum retort until the acid in the retort has 
a specific gravity of 1.S42. 

The sulphuric acid of 1.842 specific gravity has the composition 
(HaO)i3(S03)i2. It freezes at —26° C. (—15° P.) and boils at 
338° C. (640° F.). 

On exposing the acid of 1.842 spec, gravity to a freezing 
mixture, crystals separate which have the composition repre- 
sented by the formula H2SO4, and which melt at a temperature 
of 10° C. (51° R), and have a specific gravity of 1.848. This is 
considered the true monohydrate or H2SO4. 

Olcudal sulphuric acid, H2SO4, H2O. (Dihydrate.) 

Has a specific gravity of 1.780. Boils at 224° C. (435° P.). 

Gfraham's sulphuric acidy H2SO4, 2H2O. (Trihydrate.) 
Has a specific gravity of 1.632, and boils at a temperature of 
175° C. (348° P.). 
18 
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Properties. — Sulphuric acid is an oily liquid, without odor, 
and, when pure, without color. As generally found in commerce, 
it is more or less brown in color, owing to the presence of organic 
matter. It is an intensely corrosive poison. It has a strong 
affinity for water, and when exposed to the air absorbs moisture 
from it and increases in volume and diminishes in specific 
gravity. In the laboratory it is largely used as a drying agent. 

On account of its great affinity for moisture, it abstracts the 
elements of water from wood, leaving nothing but carbon re- 
maining. (The charring of wood by sulphuric acid.) 

It abstracts the elements of water from oxalic acid, thus : — 

Oxalic Carbon Carbon. 

Acid. Dioxide. Monoxide. 

H,Ca04 + H2SO4 = H,S04 + HaO + CO2 + CO. 

It induces certain substances to assimilate the elements of 
water, as in the preparation of glucose from starch. (The acid 
used must be dilute.) 

starch. Glucose. 

CeHioOs + H,0 + H2SO4 = CeHiA + HaSO*. . 

Impurities of Sulphuric Add. — Principally lead, derived from 
the leaden chambers, and arsenic, derived from arsenical pyrites 
used in the preparation of the acid. 

Chemical Properties. — Sulphuric acid is one of the most pow- 
erful acids, and displaces all other acids from their compounds. 

Behavior of the Metals with Sulphuric Add. — The metals may 
be divided into three classes, according to their action on sul- 
phuric acid, namely : — 

1. Those which have no action on the acid, as the noble 
metals, gold, platinum. 

2. Those which, at ordinary temperature, have no action on 
the acid, but act only on the application of heat, as co££er. 

SGupric Sulphurous 

pper. Sulphate. Anhydride. 

}ii + 2H2SO4 = CUSO4 + 2H,0 + SOa. 

3. Those which, when brought in contact with the acid, de- 
compose it, with the evolution of hydrogen, as zinc. 

Zinc 
Zinc. Sulphate. 

Zn + H^O. = ZnSO. + H,. 
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Sulphuric acid is a dibasic acid and forms two classes of 
salts, namely, acid sulphates, where only one atom of hydrogen 
of the acid is replaced by a metal, and normal sulphates, where 
both atoms of hydrogen are replaced by a metal. 

Examples. 

NaHSOi, acid sodium sulphate. 

Na^SOi, normal sodium sulphate. 

All sulphates of the metals are soluble in water, except the 
sulphates of barium, calcium, strontium, lead, mercury and 

silver. 

Detection of Sulphuric Add, — By acidifying the solution to 
be tested with nitric acid and adding a solution of barium chlo- 
ride. Sulphuric acid or a sulphate produces with barium chloride 
a white precipitate of barium sulphate. 

Every 233 parts of barium sulphate (BaSO^ molec. wt. = 233) 

are equivalent to 98 parts of HaSO*, or 80 parts of SOs (SOs 

molec. wt. = 80). Therefore the equivalent in H28O4 of a given 

quantity of precipitate of BaSO^ may be determined by the 

proportion, 

233 : 98 : : wt. of prec. of BaSO* : x. 

Sulphurous Anhydride, SO,. 

Molecular weight, 64. Molecular volume, 2. Specific gravity 
compared with hydrogen, 32. Specific gravity compared with 
air, 2.247. 64 grammes measure 22.32 litres. 

Special History, — The irritation produced by burning sulphur is 
mentioned by Homer and by Pliny. Its properties were investi- 
gated by Scheele and by Priestley, and the latter determined its 
true nature by burning sulphur in oxygen. 

Natural History, — It is found in the air of volcanic districts, 
and in the air of cities as a result of the oxidation of sulphur in 
burning coal. 

Preparation, 

1. By burning sulphur in air or oxygen. 

S -f O, = SO,. 

2. By bringing sulphuric acid in contact with red-hot carbon. 

2H,S04 + C = 2H,0 + CO, + 2S0,. 
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8. By heating sulphuric acid with siiljghur. 

2H2SO4 + S = 2HaO + Ssdj. 

4. By heating sulphuric acid with metallic copper. 

Sulphurous 
Copper. Sulphuric Acid. Cupric Sulphate. Water. Anhydride. 

Cu + 2H^04 = CuSO* + 2H,0 + SO,. 

As sulphurous anhydride is very soluble in water, it there- 
fore must be collected in dry bottles by displacement or over 
mercury. 

Properties. — A colorless gas, having a strong, suffocating, sul- 
phurous odor. It is neither combustible nor a supporter of 
combustion. It is liquefied under a pressure of 2 to 3 atmos- 
pheres at ordinary temperature. At a temperature of — 17.8*^ 
C. (0° F.) it liquefies under the ordinary atmospheric pressure. 
It boils at —10° C. (14° F.). It is soluble in water and 
alcohol. 1 volume of water at ordinary temperature absorbs 
about 40 volumes of the gas. 

Sulphurous anhydride is a powerful bleaching agent. It does 
not destroy the coloring matter, but forms colorless compounds 
with it. Most of these colorless compounds are decomposed on 
exposure to direct sunlight, with the partial reappearance of the 
original color, as is frequently observed in straw goods. 

It is used to prevent or arrest fermentation, especially to 
prevent fermentation in cider, for which purpose it is largely 
employed in its combination with calcium as calcium bisulphite, 
Ca808,H2SOs. 

The gas is a valuable antiseptic and disinfectant. 

It is a powerful reducing agent, owing to its tendency to 
become oxidized. It readily reduces arsenic acid to arsenious 
acid, thus ; — 

Arsenic Sulphurous Sulphuric Arsenious 

Acid. Anhydride. Acid. Acid. 

2HsAs04 + 2S0a + 2H2O = 2H,S04 + 2H8A8O3. 
It reduces mercurous nitrate to metallic mercury. 

Mercurous Nitrate. Nitric Acid. Mercury. 

HgaCNOs), + SOa + 2H,0 = H2SO4 + 2HN0a + Hg^ 

It does not reduce mercuric compounds. 

Sulphurous anhydride in the presence of moisture decomposes 
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sulphuretted hydrogen, with the formation of pentathionic acid 
and the separation of sulphur, thus : — 

Salphuroua Sulphuretted Pentathtonio 

Anhydride. Hydrogen. Acid. Sulphur. 

5S0a + 5H,8 = 4H2O + HaSsOe + S5. 



Sulphurous Acid, HaSOj. 

Water at ordinary temperature absorbs about 40 times its 
volume of sulphurous anhydride, forming a solution of sulphur- 
ous acid. 

Sulphnrons Sulphur- 

Anhydride. Water. oua Acid. 

SO, + H,0 = HaSO.. 

Sulphurous acid is a dibasic acid, one or both atoms of the 
hydrogen being replaceable by a metal, forming salts called, 
respectively, acid and normal sulphites, as, 

NaHSOs, acid sodium sulphite. 
Na^SOs, normal sodium sulphite. 

All sulphites are insoluble in water, except the sulphites of 
the alkalies and the bi-sulphites of the alkaline earths. 

All sulphites, under ordinary conditions, are decomposed on 
the addition of a stronger acid, with the formation of a salt of 
the acid added, water, and the evolution of sulphurous anhy- 
dride, thus : — 

Sodium Hydrochloric Sodium Sulphurous 

Sulphite. Acid. Chloride. Water. Anhydride. 

Na^SOs + 2HC1 = 2NaCl + H,0 + SO,. 

Thiosulphurous Acid, H282O3 {formerly called Hyposvlphurous 

Add), 

The free acid has never been isolated. It is known only in 
combination with a metal as a salt — a thiosulphite. 

The salts are prepared by boiling a solution of a sulphite with 
sulphur, thus : — 

Sodium Sodium 

Sulphite. Thiosulphite. 

Na^SOa + S = Na^SaOs. 

The thiosulphites are decomposed on the addition of a stronger 
acid, with the formation of a salt of the acid added, water, the 
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evolution of sulphurous anhydride and the separation of sul- 
phur, thus : — 

Sodium Hydrocbloric Sodium Sulphurous 

Thiosulphite. Acid. Chloride. Water. Anhydride. Sulphur. 

NaAOs + 2HC1 = 2NaCl + H^O + SO^ + S. 

Sodium thiosulphite (formerly called sodium hyposulphite) is 
largely used in photograpliy to dissolve argentic chloride, 
thus : — 

Argentic Sodium Sodium Soluble Argentic Sodic 

Chloride. Thiosulphite. Chloride. Thiosulphite. 

2AgCl + SNaAOa = 2NaCl + AgS20s(NsiS20,),. 

Sodium thiosulphite is employed in analytical chemistry to 
separate aluminium from iron. Aluminium is precipitated by 
the thiosulphite as aluminium oxide, while the iron remains in 
the solution unchanged, thus : — 

Aluminium Sodium Sodium Aluminium Sulphurous Sul- 

Sulphate. Thiosulphite. Sulphate. Oxide. Anhydride, phur. 

AlaCSO^s + SNa^SaOa = SNa^SO* + Al A + SSOa + 3S. 

Sodium thiosulphite in the presence of iodine forms sodium 
iodide and sodium tetrathionate, thus: — 

Sodium Sodium Sodium 

Thiosulphite. Iodine. Iodide. Tetrathionate. 

2Na2S208 + I2 = 2NaI + Na^S^Oe. 



Hyposulphurous Acid, H2SO2. 
Preparation. — By acting on zinc with sulphurous acid. 

Sulphurous Zinc Hyposulphur- 

Acid. Zinc. Oxide. ousAcid. 

H2SO3 + Zn = ZnO + H2SO2. 
It combines with metals to form salts called hyposulphites. 

DiTHiONic Acid, HaSjOe. 

Preparation, — By the action of sulphurous anhydride on man- 
ganese dioxide in suspension in cold water. 

2SO2 + MnOa = MnSaOe. 

The MnSzOe (manganous dithionate) is treated with barium 

sulphide, 

MnSA + BaS = MnS + BaSjO,, 



\ 
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aDd the barium dithionate, BaSjOe, is finally treated with just 
sufficient sulphuric acid to liberate the dithionic acid. 

Dithionlo Acid. 

BaSjOe + HjSO* = BaSO* + HAOe. 

Properties, — A colorless, odorless liquid having a specific grav- 
ity of 1.347. 

HYDROGEN AND SULPHUR. 

Sulphuretted Hydrogen, HjS. {Hydrogen Sulphide,) 

Molecular weight, 34. Molecular volume, 2. Specific gravity 
compared with hydrogen, 17. Specific gravity compared with 
air, 1.1912. 34 grammes measure 22.32 litres. 34 grains 
measure 93.33 cubic inches. 

Special History, — It was known in early times. Scheele, in 
1777, first pointed out its constituents. 

Natural History, — Sulphuretted hydrogen is found in volcanic 
gases and in certain mineral waters-sulphuretted waters. It 
occurs in the gases resulting from the putrefaction of organic 
substances containing sulphur, particularly in the gases resulting 
from the putrefaction of organic substances of animal origin. 
Sulphuretted hydrogen is formed when the white of egg (albu- 
men, a substance containing sulphur) undergoes decomposition. 
The blackening of a silver spoon by the contents of an egg is due 
to the action of sulphuretted hydrogen, and indicates that the 
Qgg has undergone more or less decomposition. 

Preparation,—!, By decomposing a sulphide with an acid, 
(a) The action of dilute sulphuric acid on ferrous sulphide. 

Ferroua Sulphuric Ferrous Sulph. 

Sulphide. Acid. Sulphate. Hydrogen. 

FeS + H,S04 = FeSO* + H,8. 

Sulphuretted hydrogen prepared from ferrous sulphide may 
contain impurities, and consequently should be washed before 
being used in delicate experiments. 

{b) The action of hot dilute hydrochloric acid on antimonious 
sulphide. HaS prepared by this method is pure. 

Antimonioos Hydrochloric Antimonious Sulph. 

Sulphide. Acid. Chloride. Hydrogen. 

Sb,S, + 6HC1 = 2SbCl, + 3H^. 
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Properties, — Sulphuretted hydrogen is a colorless gas, having 
an odor some.what similar to the odor of rotten eggs. It is freely 
absorbed by water. Water at 16° C. (69° F.) absorbs 3.23 times 
its volume of the gas. It is a poisonous gas. Under a pressure 
of 17 atmospheres it is liquefied at ordinary temperature. At a 
temperature of — 74° C. ( — 101° F.) it becomes liquid at ordinary 
pressure. It is combustible, burning with a pale blue flame. It 
has acid properties, and is classed with the hydrogen acids. 
Certain metals are directly capable of displacing the hydrogen 
of the compound, with the formation of a sulphide of the metal. 
Thus :— 

Argentic 
Silver. Sulphide. 

Ag, + H,S = Ag,S + H,. 

All sulphides are insoluble except the sulphides of the alkalies 
and the alkaline earths. 

Sulphuretted hydrogen is used in the laboratory as a reagent 
to precipitate the metals of the second group. 

The colors of the various sulphides produced by sulphuretted 
hydrogen are, in many cases, characteristic and serve as import- 
ant tests. 

Examples, 

Antimonious sulphide, SbjSs, orange red. 
Arsenious sulphide, AsgSs, yellow. 
Cupric sulphide, CuS, black. 
Cadmium sulphide, CdS, yellow. 
Zinc sulphide, ZnS,* white. 

CARBON AND SULPHUR. 

Carbon Bisulphide, CSg. 

Fteparation, — By passing the vapor of sulphur over red-hot 

carbon (charcoal). 

C -{- S2 = CS2. 

Its principal use is as a solvent for caoutchouc (rubber), sul- 
phur and phosphorus. 

PHOSPHORUS. 

Atomic weight, 31. Specific gravity compared with hydrogen, 
62. Its capacity for heat (0.21) multiplied by its atomic weight 
(31) gives a result of 6.51. 0.21 X 31 = 6.51. Atomic volume, 
}. Molecular weight, 124. 



i 
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Special History, — Discovered by Brandt, in 1669, in urine. 
6ahn, in 1768, discovered phosphorus in bones (present as cal- 
cium phosphate, CasCPO^j), and in 1769 Scheele devised a 
method by which it could readily be obtained from bones. Its 
elementary character was determined in 1810-1812 by Davy, 
6ay-Lussac and others. 

Natural History, — It is never found in nature in the free state, 
but always in combination. It is widely distributed in nature 
as native phosphates, principally calcium phosphate, Ga3(P04)2. 
It is a constituent, in small quantity, of vegetable structures 
and animal tissues. 

Preparation. — From the ash of the bones of animals. 

The ash, consisting chiefly of calcium phosphate, is digested 
several days with dilute sulphuric acid. Insoluble calcium 
sulphate and calcium monophosphate (superphosphate) are thus 
formed. 



Calcium 




Sulphuric 


Calcium 


Calcium 


Phosphate. 




Acid. 


Sulphate. 


Superphosphate. 


Ca,(PO0, 


+ 


2H,S04 = 


= 2CaS04 


+ Ca(H,PO,).. 



The insoluble calcium sulphate is allowed to subside, and the 
clear supernatant liquid, containing the soluble calcium super- 
phosphate, is decanted, evaporated to dryness and then heated 
to redness. The calcium superphosphate is converted by the 
heat into calcium metaphosphate. 

Calcium Superphosphate. Calcium Metaphosphate. Water. 

CaCH.POO, = CaCPOs), + 2H,0. 

The calcium metaphosphate is mixed with charcoal and sand 
and distilled at a red heat in an air-tight earthenware retort. 
The distilled phosphorus is collected under hot water, from 
which, in the melted state, it is run into moulds (under hot 
water) and afterward allowed to solidify by cooling. 

Calcium Calcium Carbon 

Metaphosphate. Carbon. Phosphate. Monoxide. Phoepbonu. 

3Ca(P08)2 + IOC == Ca,(PO0a + lOCO + P4. 
or when distilled with sand — 

Calcium Silica Calcium Carbon Phos- 

Metaphofiphate. Carbon. (sand). Silicate. Monoxide, phorus. 

3Ca(P03), + 18C + 3SiO. = 3CaSiO, + 18(X) + P,. 

19 
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Properties, — Phosphorus is a combustible solid, possessing a 
garlic-like odor. When exposed to the air it gives off white 
fumes, due to the formation of phosphoric acid. Phosphorus 
vapor is luminous in the dark. 

It is insoluble in water, but when kept in water the latter 
acquires poisonous properties, due to the presence of oxidation 
products of the phosphorus. It is sparingly soluble in turpentine 
and in ether, but readily soluble in carbon disulphide. Carbon 
disulphide dissolves about 17 times its weight of phosphorus. If 
a solution of phosphorus in carbon disulphide be allowed to 
evaporate to dryness at ordinary temperature, spontaneous com- 
bustion of the phosphorus will take place. This is owing to the 
finely divided condition of the phosphorus. 

Phosphorus occurs in four varieties, namely: — 

1. Clear, transparent variety. 

A soft, yellow, wax-like substance, having a garlic-like odor. 
Specific gravity, 1.84. This is the ordinary variety found in 
commerce. 

2. White, opaque variety. 

This variety is formed by the action of light on the yellow 
variety when kept under water. It appears as a white crust on 
the sticks of the yellow variety. Specific gravity, 1.51. 

3. Black variety. 

Produced by melting the ordinary phosphorus and suddenly 
cooling it to 0° C. (32° P.). 

4. Red variety. 

Produced by heating yellow phosphorus at a temperature of 
about 238° C. (460° P.) for 30 or 40 hours in an atmosphere 
(carbon dioxide) free from substances that will oxidize it. It is 
an amorphous body and of a dull red or maroon color, without 
taste and odor. Specific gravity, 2.17. Its firing point is 316° 
C. (600° P.). It is insoluble in carbon disulphide. By the 
action of heat in the presence of air it is changed back to the 
yellow variety. It is permanent in the air and gives off no 
vapor. 

Both the yellow and red varieties of phosphorus are extensively 
used in making lucifer matches. The material on the so-called 
safety matches is composed of red phosphorus intimately mixed 
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with substances that readily give up their oxygen, such as the 
following mixture : — 

Potassium Chlorate, KClOs, 32 parts. 

Potassium Bichromate, KjCrjOT, 12 " 

Red Lead, PbsO^, 32 " 

Antimonious Sulphide, SbsSs, 24 " 

Physiological Properties, — All the varieties of phosphorus, the 
red variety excepted, are poisonous. The vapors, when inhaled, 
produce necrosis of the jaw-bone. Necrosis of the jaw-bone is, 
consequently, a common disease in persons who are engaged in 
making lucifer matches. The red, non-poisonous variety, which 
gives off no vapor at ordinary temperature, is now largely used 
in match making, thereby considerably lessening the danger of 
necrosis in the workmen. 

The symptoms of phosphorus poisoning are often long delayed, 
sometimes not appearing for many hours or even days. In the 
most rapidly fatal case reported, death occurred in 12 hours; in 
the most prolonged case it occurred in 12 days. 

-|- of a grain has proved fatal in an adult. 

•sV " " " a child. 

Antidote, a dilute solution of cupric sulphate. 

Phosphorus, in combination as phosphates, phosphites and 
hypophosphites, is largely used in medicine. 

Detection of Uncombined Phosphorus. — 1. Mitscherlich's test. 

Consists in distilling the substance containing the free phos- 
phorus with diluted sulphuric acid, and conducting the evolved 
vapors through a glass tube surrounded by a glass Liebig's 
condenser. The vapor of phosphorus is thus condensed, and 
gives rise to a continuous luminosity when observed in the dark. 

By this method ^ of a grain of phosphorus in 2000 fluid 
grains of water has been recognized. The luminosity continued 
for 34 minutes, and therefore the amount of phosphorus that 
passed through the tube per second must have been something 
less than the ^ ^ q^q ^ ^ part of a grain ; yet this was even more than 
sufficient to identify the phosphorus with absolute certainty. 

2. Hydrogen method. 

Is based upon the property possessed by free phosphorus, 
and the lower oxides of phosphorus, of forming, with nascent 
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hydrogen, phosphoretted hydrogen, HaP, which burns with a 
greenish flame. 

3. Phosphide of silver method. 

The substance containing free phosphorus is distilled with 
dilute sulphuric acid, as in Mitscherlich's method, except that a 
stream of carbon dioxide is continuously passed through the 
apparatus, and the vapor of phosphorus is conducted into a 
solution of argentic nitrate, with which it forms insoluble argen- 
tic phosphide. The argentic phosphide is collected and washed 
on a filter which has been previously washed with dilute nitric 
acid and water ; it is then suspended in a little water and placed 
in the hydrogen apparatus as in the Hydrogen method. The 
argentic phosphide is decomposed in the presence of nascent 
hydrogen, with the formation of phosphoretted hydrogen, HsP, 
which burns with a green flame. 

COMPOUNDS OF PHOSPHORUS AND OXYGEN. 

PjO, Hypophosphorous oxide or anhydride (has never been 
isolated). 

P2O3, Phosphorous oxide or anhydride. 

PA, Phosphoric " 

All of these anhydrides form acids with the elements of water. 

P2O + 3H2O = 2H3PO2, Hypophosphorous acid. 

P2O8 + 3H2O = 2HsP08, Phosphorous acid. 

P2O5 + 3H2O = 2H3PO4, Orthophosphoric acid. 

Phosphoric Anhydride, P2O6. 

Molecular weight, 142. Occurs in nature in combination as 
phosphates. 

Preparation. — By burning phosphorus in dry oxygen or air. 

P2 + O5 = P2O5. 
Properties. — A white, flaky solid. It has an intense affinity 
for moisture, and therefore rapidly deliquesces in the air. 

Phosphoric anhydride enters into combination with the ele- 
ments of one, two or three molecules of water, forming acids, as 
follows: — 

r H2O = 2HPO3, metaphosphoric acid. 

p Q I J 2H2O = H4Pa07, pyrophosphoric acid. 
] 3H2O = 2H8PO4, orthophosphoric acid 



^ phosphoric acid). 



(the common 
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Preparation of the three adds formed by Pj O5 with the elements 
offf^O. 

1. Metaphosphoric add, HPOs. (Glacial phosphoric acid.) 
(a) By dissolving phosphoric anhydride in water. 

P,05 + H,0 = 2HPOs. 

(h) By heating phosphorus with strong nitric acid, evapor- 
ating to dryness and strongly heating the residue. 

P« + IOHNO3 =- lONO + 2H.,0 + 6HPO3. 

2. Pyrophosphoric add, H4P2O7. 

By heating orthophosphoric acid to 215° C. (419° F.). 

3. Orthophosphoric add, HgPO^. 

By heating phosphorus with dilute nitric acid. 

Pe + lOHNOa + 4H,0 =: lONO + 6H3PO4. 

The three acids may be distinguished from one another by 
their behavior with albumen, argentic nitrate and barium 
chloride. 



Metaphos- 
phoric acid. 

Pyrophos- 
phoric acid. 



Orthophos- 
phoric acid. 



WITH ALBUMEH. 



Coagulates. 



No action. 



No action. 



WITH ARGENTIC NITRATE. 



White, gelatinous ppt. 
(AgPOa). 

No ppt., unless ren- 
dered alkaline, when 
it produces a white 
ppt. (Ag^PA)- 

No ppt., unless ren- 
dered alkaline, when 
it produces a yellow 
ppt. (A&POJ. 



WITH BARIUM CHLORIDE. 



White ppt. 



No ppt., unless slightly 
alkaline, when it pro- 
duces a white ppt. 



No ppt., unless slightly 
alkaline, when it pro- 
duces a white ppt. 



One, two or all three atoms of hydrogen in orthophosphoric 
acid may be replaced by metals, forming three classes of salts. 

Examples. 

1. NaHjPO^, dihydrogen sodic phosphate. 

2. Na,HP04, disodic hydrogen phosphate (ordinary sodium 
phosphate). 

3. NasPOi, trisodic phosphate. 
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The hydrogen atoms may be replaced by elements differing in 
kind, as : — 

NaNH4HP04, sodium ammonium phosphate (microcosmic salt). 

MgNH4P04, magnesium ammonium phosphate. 

Magnesium ammonium phosphate when strongly heated breaks, 
up into magnesium pyrophosphate, water and ammoniacal gas. 

Magnesium Magnesium. 

Ammon. Phosphate. Pyrophosphate. Water. Ammonia. 

2MgNH4P04 = Mg,P,OT + H,0 + 2NHs. 

All four atoms of hydrogen in pyrophosphoric acid are replace- 
able by a metal, as — 

Mg2P207, magnesium pyrophosphate. 

The one atom of hydrogen in metaphosphoric acid is replace- 
able by a metal, as — 

NaPOs, sodium metaphosphate. 

Ca(P03)s, calcium metaphosphate. 

Orthophosphoric acid is tribasic. 
Pyrophosphoric acid is tetrabasic. 
Metaphosphoric acid is monobasic. 

Phosphorous Anhydride, P^Os. 
Molecular weight, 110. 

Preparation, — By burning phosphorus in a limited supply 
of air. 

Properties. — A white, flaky, non-crystalline substance. It is 
very volatile, emitting a garlic-like odor. 

Phosphorous Acid, HaPOg. 
Preparation.— Bj adding phosphorus trichloride to water. 



Phosphorus 
Trichloride. 


Water. 


Hydrochloric 
Acid. 


Phosphorous 
Acid. 


PCI, + 


3H.0 


— 3HC1 + 


H3PO3. 



It enters into combination with metals to form phosphites. It 
is dibasic, only two of the three atoms in the acid being replace- 
able by a metal, as — 

Na^HPOa. 

NaH.POa. 
CaHPOs. 
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Hypofhosphobous Anhydride, P,0. 
This oobydride has never been isolated. It is known only in 
combinatioQ. 

In combination with the elements of water it forms hypopbos- 
plioroua acid. 

P,0 + 3H,0 = 2H,P0,. 

Hyfophosphoroos Acid, H,POj. 

Pr^Mration. — By heating phosphorus with a strong solution 
of barium hydroxide, and decomposing the barium hypophos- 
phite produced by means of sulphuric acid, which sets the acid 
free. 

Properties. — A thick liquid having a strong acid reaction. 

Hypophoaphorous acid forms a class of salts called hypophos- 
phites. 

Hypophospborous acid is monobasic, only one of the atoms of 
hydrogen in the acid being replaceable by a metal, as — 

NaH,POi, sodium hypophosphite. 
Ga(H,FO,)„ calcium hypophosphite. 

Phosphoeetted Htdboqen, H,P. 

Molecular weight, 34. Molecular volume, 2. Specific gravity 
compared with hydrogen, 17. Specific gravity compared with 
air, 1.19. 

Natural History. — Evolved in the putrefection of organic sub- 
stances containing phosphorus. 

Pr^araiion. — By boiling phosphorus in a strong solution of a 
fixed alkali, thus : — 

PoUm. Foiaia. Phoiphonlted 

Phoapbonit. Hjdroilds. WiMr. HjpophoapblM. Hj-ilrogen. 

P. + 3K0H + 3H,0 = 3KHJ'0, + PH,. 

Propertiet. — A colorless gas having an odor similar to that 
produced by putrefying fish. 

The gas as ordinarily prepared is spontaneously inflammable 
' when in contact with the air ; hut this is not the case with the 
pure gas. This spontaneous inflammability is due to the pres- 
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ence of the vapor of liquid phosphoretted hydrogen, HjP, one 
part of which in 500 parts of HsP is sufficient to confer this 
property upon it. 

CHLORINE. 

Atomic weight, 35.5. Atomic volume, 1. Molecular weight, 
71. Molecular volume, 2. Specific gravity compared with air, 
2.47. Specific gravity of chlorine in the liquid state, 1.33. 35.5 
grammes measure 11.16 litres. 

Special History, — Scheele recognized it in 1774, and called it 
'' dephlogisticated muriatic acid." In 1810 Davy demonstrated 
its elementary nature, and called it chlorine. 

Natural History, — It is never found free in nature. It occurs 
in combination with sodium and with other metals in salt mines, 
sea water, and in various minerals, as argentic chloride, plumbic 
chloride, etc. In volcanic districts it is found in combination 
with hydrogen as vapor of hydrochloric acid. 

It is present in all foods, especially in those of animal origin, 
and is a constituent of all animal secretions. 

Preparation, — 1. By heating manganese dioxide with hydro- 
chloric acid. 



Manganese 
Dioxide. 


Hydrochloric 
Acid. 


Manganous 
Chloride. 




Water. ' 


• 

Chlorine. 


MnO, 


+ 4HC1 — 


MnCla 




2H2O 


+ ci,. 



2. By heating a mixture of sodium chloride and manganese 
dioxide with sulphuric acid. 

Sodium Manganese Sulpfaaric Manganese Sodium Chlor- 

Chloride. Dioxide. Acid. Sulphate. Sulphate. Water. ine. 

2NaCl + MnOa + 2H,S04 = MnSO* + Na^SO^ + 2HaO +C1,. 

If sodium chloride alone, without manganese dioxide, be 
heated with sulphuric acid, hydrochloric acid gas will be given 
off. Thus :— 

2NaCl + H2SO4 = Na^SO* + 2HC1. 

3. By heating calcium hypochlorite (bleaching lime) with sul- 
phuric acid. 

CaClaO + HaSO* = CaSO* + H^O + CI,. 

Properties, — Chlorine is a yellowish -green gas having a suffo- 
cating odor. It is a poisonous gas, and is intensely irritating to 
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mucous surfaces, even when largely diluted with air. It rapidly 
breaks up all organic tissues. One volume of water at 15° C. 
(69° F.) absorbs 2.37 volumes of the gas. A pressure of four 
atmospheres condenses the gas to a yellowish-green liquid. It 
is not combustible, but is a supporter of combustion. A lighted 
taper introduced into an atmosphere of chlorine continues to 
burn, the chlorine combining with the hydrogen of the hydro- 
carbon of the taper to form hydrochloric acid, and setting free 
the carbon, which appears as dense clouds of lampblack. Vapor 
of turpentine introduced into chlorine takes fire, with the pro- 
duction of clouds of lampblack. 

Turpentine. 

CioHie + 16C1 = 16HC1 + Cio. 

Phosphorus introduced into chlorine catches fire spontaneously, 
with the production of phosphorus trichloride, PCls. Metallic 
arsenic also catches fire in chlorine, with the production of 
arsenic trichloride, AsClj. 

Chlorine is a powerful bleaching agent. Its bleaching power 
is owing to its strong affinity for the hydrogen of water, combin- 
ing with it to form hydrochloric acid and setting oxygen free, 
which latter, in its nascent state, acts upon and destroys the col- 
oring matter. Dry chlorine has no bleaching action, but in the 
presence of moisture every organic coloring matter is bleached 
by it. Only a few of the inorganic coloring matters are acted 
upon by chlorine. 

Chlorine is a strong disinfecting agent. 

Chemical Properties, — It is an electro-negative element, and is 
capable of entering into combination with every elementary sub- 
stance. 

It enters into combination to form compounds called chlorides, 
as sodium chloride, NaCl, mercuric chloride, HgCl2, etc. 

All chlorides are soluble in water, except argentic chloride, 
AgCl, mercurous chloride, HgaClj, and plumbic chloride, PbCl,. 

Detection of Free Chlorine, — Its odor, color and bleaching 
properties constitute the chief tests for free chlorine. 
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CHLORINE AND HYDROGEN. 

Hydrochloric Acid, HCl. 

Molecular weight, 36.5. Molecular volume, 2. Specific 
gravity compared with hydrogen, 18.25. 36.5 grammes measure 
22.32 litres. 

Special History, — It was first obtained, in its gaseous form, by 
Priestley in 1772. Scheele suspected its real nature in 1774, but 
it was. believed by others to be an element. Davy finally estab- 
lished its true composition. 

Natural History, — Hydrochloric acid is not found in the free 
state in the animal kingdom, except in the gastric juice. It is 
also not found free in the vegetable kingdom. It is a constituent 
of the gases issuing from volcanoes. The white clouds hovering 
over the crater of an active volcano are largely due to gaseous 
hydrochloric acid entering into combination with aqueous vapor 
in the air to form vapors of the liquid acid. 

Preparation. — 1. By exposing a mixture of hydrogen and 

chlorine to sunlight. 

H + CI = HCl. 

2. By heating sodium chloride with sulphuric acid at a mod- 
erate temperature. 

Sod. Chloride. Sulphuric Acid. Acid Sod. Sulphate. Hydrochloric Acid. 

NaCl + H2SO4 = NaHSO* + HCl. 
At a higher temperature the following reaction occurs : — 

Sod. Chloride. Sulphuric Acid. Normal Sod. Sulphate. Hydrochloric Acid. 

2NaCl + H2SO4 = Na,S04 + 2HC1. 

Properties, — ^A colorless gas having a pungent odor and a 
strong acid taste. It is poisonous to animal and vegetable life. 
Under a pressure of 40 atmospheres at a temperature of 10° C. 
(50° F.) it forms a colorless liquid having a specific gravity of 
1.27. It is not combustible nor a supporter of combustion. 

Hydrochloric acid gas is exceedingly soluble in water, one 
volume of water absorbing from 480 to 500 times its volume of 
the gas, forming the ordinary liquid hydrochloric acid of com- 
merce. 
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Hydrochloric Acid, HCl {Muriatio Add). 
(^The Aqueous Solution of the Oaa), 

Preparation. — 1. By dissolving hydrochloric acid gas in cold 
water; the water will increase in density and also in volume. 
The increase in volume of the liquid up to the point of saturation 
is about if-, i' «•» 7 volumes of water increase to 8 volumes. The 
saturated solution has a specific gravity of 1.21. 

A convenient mixture for preparing the gas is composed of — 

Sodium chloride, .... 6 oz. 
Sulphuric acid, .... 10 " 
Water, 6 " 

The gas produced on heating this mixture is conducted into 7 
oz. of cold water until the volume of liquid has increased to 8 oz. 
The solution of acid thus prepared is saturated and has a specific 

gravity of 1.21. 

ft 

Properties. — A colorless liquid when pure, but as found in 
commerce it is usually slightly yellow. The acid having a 
specific gravity of 1.11 contains 20% of anhydrous HCl, that 
of 1.21 specific gravity contains 42% of anhydrous HCl. 

The ordinary acid sometimes contains impurities, as sulphuric 
acid, arsenic, iron, tin and lead. 

Chemical Properties. — It is the type of the hydrogen acids. 

The hydrogen of the acid may be replaced by a metal forming 
a simple salt called a chloride. 

All chlorides are soluble in water, except argentic chloride, 
mercurous chloride and plumbic chloride. 

The metals may be divided into three classes, according to their 
behavior with hydrochloric acid : — 

1. Those which decompose the acid at ordinary temperature, 
as iron, zinc, etc. 

2. Those which decompose the acid only on the application of 
heat, as copper, mercury, etc. 

3. Those which have no action on the acid, as the noble metals, 
gold, platinum, etc. 

Hydrochloric acid decomposes nitric acid, with the formation 
of nitro-hydrochloric acid (aqua regia), which is a solution con- 
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taining chloride of azotyle and free chlorine. Three molecules 
of hydrochloric acid act upon one molecule of nitric acid, thus : — 

Hydrochloric Nitric Chloride 

Acid. Acid. Water. of Azotyle. Chlorine. 

3HC1 + HNOs = 2H,0 + NOCl^ + CI. 

When nitro-hydrochloric acid is heated, it evolves nitrogen 
protoxide and chlorine, which latter, in the nascent state, dis- 
solves gold and platinum : thus, in the case of gold : — 

Chloride of Chloride of Nitrogen 

Azotyle. Chlorine. Gold. Gold. Protoxide. 

2NOCI2 + 2C1 + 2Au = 2AuCls + N^Oa. 

Selenic acid, HaSe04, is the only single acid that will dissolve 
gold. 

COMPOUNDS OF CHLORINE AND OXYGEN. 

Chlorine combines with oxygen in several proportions to form 
oxides. All the compounds of chlorine and oxygen are unstable. 
The direct union of chlorine with oxygen has never been effected. 

There are possibly five compounds of chlorine and oxygen. 
Only three of them have thus far been isolated. 

CI2O, Hypochlorous oxide or anhydride. 
CI2O8, Chlorous " " 

CI2O4, Chlorine peroxide. 

CI2O5, ? Chloric oxide or anhydride. ^ Have never been ob- 

CI2O7,? Perchloric oxide or auhy- V tained in their uncom- 

dride. J bined state. 

These oxides of chlorine, except chlorine peroxide, enter into 
combination with the elements of water to form acids, namely : — 

CI2O + H2O = 2HC10, Hypochlorous acid. 

ClaOs + H,0 = 2HCIO2, Chlorous acid. 

CI2O5 + H2O = 2HCIO3, Chloric acid. 

CI2O, + H2O = 2HCIO4, Perchloric acid. 

Hypochlorous Anhydride, CI2O. 

Molecular weight, 87. Molecular volume, 2. Specific gravity 
compared with hydrogen, 43.5 ; with air, 3.01. 

Preparation, — By passing dry chlorine over dry mercuric 
oxide. 

Mercuric Oxide. Chlorine. Mercuric Oxychloride. Hypochlorous Oxide. 

2HgO + CU = HgCl^HgO + C1,0. 
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Chi/>rous Anhydride, CUCV 

Preparation. — Bj beating a mixture of potas^um cl^loratts 
arseoious oxide and nitric acid. 

Potass. Araenioos Ar»»nio 

Chloimte. Oxide. Ox(d«, 

2KC10, + AsjOz + 2HNO3 = 2B:N0, + As^O* + H,0 f Cl,lV 
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Properties. — ^A yellowish-green gas. It combines with the ele- 
ments of water to form chlorous acid. 

Chlorous Acid, HCIO2. 
Preparation, — By the action of water on chlorous anhydride. 

CIA + H,0 = 2HC10,. 

Properties, — A very unstable compound. It forms salts called 

chlorites. 

Chlorine Peroxide, ClaO*. 

Preparation. — By the action of sulphuric acid on potassium 
chlorate. 

3KCIO3 + 2H,S04 = KCIO4 + 2KHSO4 + H,0 -f CIA. 

Properties, — A greenish-yellow gas having a strong chlorous 
odor. At a temperature of 60° C. (140° F.) it undergoes decom- 
position with explosive violence. It forms neither an acid nor 

salts. 

Chloric Anhydride, ClaOs. 

Not known except in combination as chloric acid, HCIO3, or as 
a chlorate of a metal. 

Chloric Acid, HCIO3. 

Preparation. — By the action of chlorine on potassium hydrox- 
ide, forming potassium chlorate, KCIO3, and then decomposing 
the latter with hydrofluosilicic acid. 

(a) 6K0H + Cle = 6KC1 + KCIO3 + 3H,0. 

(b) 2KCIO3 + HaSiFa = 2HCIO3 -f KaSiFe. 

Properties. — ^A syrupy liquid having a strong chlorous smell. 
It breaks up at a temperature of 38° C. (100° F.) into oxygen, 
chlorine, perchloric acid and water. 

It is a monobasic acid and forms salts called chlorates. The 
chlorates are soluble in water. They are all decomposed by 
heat, with the formation of a chloride and the evolution of oxy- 
gen. A chlorate heated with charcoal explodes with great 

violence.. 

Perchloric Anhydride, CI2O7. 

This anhydride, is not known in the free state. It is known 
only in combination as perchloric acid, HClOi, or as a perchlo*- 
ate of a metal. 
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BROMINE. 

Atomic weight, 80. Specific gravity (liquid) compared with 
water, 2.97. 

Special History, — It was discovered by Balard in 1828, in 
** bittern,'' the mother liquor remaining after the crystallization 
of salt from sea water. At the time it was supposed to be a 
compound of chlorine and iodine, but its elementary nature was 
soon afterward proved. 

Natural History, — It never occurs in nature in the free state. 
It is contained in sea water in combination as magnesium 
bromide. 

Properties, — Bromine is a dark brownish-red liquid, evolving 
brownish-red fumes at ordinary temperature. 

It forms hydrobromic acid. HBr, with hydrogen, and in com- 
bination with metals forms simple salts called bromides, as potas- 
sium bromide, KBr. 

With hydrogen and oxygen it forms hypobromous acid, HBrO, 
the hydrogen of which may be replaced by metals, forming 
hypobromites, as sodium hypobromite, NaBrO. 

IODINE. 

Atomic weight, 127. Specific gravity of solid iodine compared 
with water, 4.97. 

Special History, — It was discovered by Courtois in 1812. 

Natural History, — It never occurs in nature in the free state. 
It is found in sea water as calcium iodide, and in sea weeds as 
an alkaline iodide. It is said to be an invariable constituent of 
cod-liver oil (0.04 to 0.32%). 

Preparation, — It is obtained from the sodium iodide of the 
ashes of sea weeds by distilling the solution of sodium iodide 
with manganese dioxide and sulphuric acid. 

2NaI -f MnOa + 2H,S04 = Na^SO* + MnSO* + 2H3O -f I,. 

The iodine thus obtained is purified by resublimation. 

Properties. — Iodine is a bluish-black crystallizable solid. It 
has a characteristic odor and an acrid taste. It vaporizes at 
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ordinary and also at high temperatures unchanged. The color 
of the vapor is violet. 

It forms hydriodic acid, HI, with hydrogen, and in combina- 
tion with metals forms simple salts, called iodides, as potassium 
iodide, KI. 

With hydrogen and oxygen it forms iodic acid, HIOs, the 
hydrogen of which may be replaced by metals, forming iodates, 
as potassium iodate, ElIOs. 

FLUORINE. 

Atomic weight, 19. 

Fluorine is never found free in nature. It is found in com- 
bination as calcium fluoride, CaFa, and as cryolite, sodium 
aluminium fluoride (NaF)6Al2F6. Bone contains about 1 % of 
calcium fluoride. 

Preparation, — By the action of sulphuric acid on a mixture of 
manganese dioxide and calcium fluoride. 

Properties. — A gas said to have a yellow color. It combines 
with every known element except oxygen. It has a powerful 
corrosive action on glass. Its combination with hydrogen, 
hydrofluoric acid, HF, is largely used to etch glass. 

GENERAL FACTS REGARDING THE METALS. 

Physically, a metal is an opaque body, having a metallic 
lustre, and possessing, for the most part, a good conducting 
power for heat and electricity. 

Chemically, a metal is an element capable of forming a base 
by its combination with oxygen, and a salt by its combination 
with an acidulous radical. 

In nature the metals are found either in the free state or in 
combination. Some are widely distributed, while others are 
found in small quantities only and in few localities. 

The metals under ordinary conditions are solid, with the 
single exception of mercury. 

With the exception of gold (yellow) and copper (red), they 
are all more or less gray or white in color. 

The metals vary in specific gravity from lithium, 0.59, the 
lightest, to iridium, 22.0, the heaviest. 

The melting points of the metals vary greatly. Mercury 
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A metal may displace the hydrogen of a hydrogen acid, or 
the hydrogen of an oxyacid, to form, respectively, a simple salt 
and an oxysalt. 

Chemical affinity is modified by conditions, such as tempera- 
ture, the production of a soluble or an insoluble compound, etc. 

The positive or negative intensities of elements and compounds 
modify chemical combination. If, for example, a basic sub- 
stance, as potassium hydroxide, be mixed with sulphuric acid 
and nitric acid, the basic substance, potassium, will distribute 
itself between the two acids according to its relative affinity for 
them. In a similar manner if sulphuric acid be mixed with 
dissimilar basic substances, as potassium hydroxide and sodium 
hydroxide, the acid will distribute itself between the two basic 
substances according to its relative affinity for them. 

Insolubility affects chemical combination, as for example, if 
sulphuric acid be added to barium oxide and potassium hydrox- 
ide, all being present in molecular proportions, the acid will first 
distribute itself between the two basic substances according to 
its relative affinity for them, but the combination with barium 
being insoluble, a portion of the barium is removed from the 
sphere of chemical action, thus reducing the relative proportion 
between acid and bases. The remaining barium oxide combines 
with more acid, until finally all the acid which had been added 
is in combination with the barium and is precipitated as barium 
sulphate, the potassium oxide remaining unchanged. 

Again, on adding together two molecules of argentic nitrate, 
two molecules of hydrocyanic acid and one molecule of sulphuric 
acid, it would be expected that the silver of the argentic nitrate 
would combine with the stronger of the two acids, namely, sul- 
phuric acid, without reference to the weaker acid — hydrocyanic 
acid. Instead, however, a part of the silver combines with the 
hydrocyanic acid to form insoluble argentic cyanide, which is 
thus removed from the sphere of chemical action. Another 
portion of silver combines with the hydrocyanic acid, and this 
action continues, until finally all the silver is in combination 
with the weaker acid, and is precipitated as argentic cyanide, 
the sulphuric acid remaining unchanged. 
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Chlorides. 
Bromides. 



Iodides. 



Sulphides. 
Sulphates. 



SOLUBILITIES. 
A substance is termed insoluble when more than 100 times its 
weight of water is required to dissolve it. 
Oxides. All oxides are insoluble in water, except the oxides 

of the alkalies and the oxides of barium, strontium 

and calcium. 

All chlorides are soluble except argentic chloride, 

mercurous chloride and plumbic chloride. 

All bromides are soluble except the bromides of 

silver, lead, bismuth, copper and mercurous and 

mercuric bromide. 

All iodides are soluble except the iodides of silver, 

lead, copper, bismuth, tin and mercurous and mer- 
curic iodide. 

AH sulphides are insoluble except the sulphides of 

the alkalies and alkaline earths. 

All sulphates are soluble except the sulphates of 

barium, strontium, calcium, silver, mercury and 

lead. 
Carbonates. All carbonates are insoluble except the carbonates 

of the alkalies and the bicarbonates of the alkaline 

earths. 
Phosphates. All phosphates are insoluble except the phosphates 

of the alkalies. 

All nitrates are soluble (except cinchonamine 

nitrate and oxjnitrates). 

All chlorates are soluble. 

All bromates are soluble except the bromates of 

silver, lead and mercury. 

The iodates of the alkalies are freely soluble, all 

others sparingly soluble. 

All acetates are soluble. 

All arsenites are insoluble except the arsenites of 

the alkalies. 

All arsenates are insoluble except the arsenates of 

the alkalies. 



Nitrates. 

Chlorates. 
Bromates. 

Iodates. 

Acetates. 
Arsenites. 

Arsenates. 
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CHEMICAL N0TE8. 



TABLE OF THE ELEMENTS, WITH THEIR CHEMICAL SYM- 
BOLS AND THEIR CORRECTED ATOMIC WEIGHTS. 



Elements. 



Aluminum. . . . . , 
Antimony (Stibium), 

Arsenic, , 

IBteuium, 

Beryllium, . . . . . 

Bismuth, 

Boron, 

Bromine, 

Cadmium, 

Cffisium, 

Calcium , 

Carbon, 

Cerium, 

Chlorine, 

Chromium, . . . . , 

Cobalt, 

Copper. 

Diavmium, 

Erbium, 

Fluorine, 

Gallium^ 

Germanium, . . . , 
Gold(Aumm), . . . . 

Hydrogen, 

Indium, 

Iodine, , 

Iridium, 

Iron (Ferrum), . . 
Kalium (Potassium) 
Lanthanum. . . . . , 
Lead (Plumbum) . 

Lithium, 

Magnesium, .... 



ATomc 
Weight. 



AI 


27.0 


Sb 


119.6 


As 


74.9 


Ba 


186.8 


Be 


9.1 


Bi 


207. 


B 


10.9 


Br 


79.76 


Cd 


111.9 


o» 


182.7 


Ca 


89.9 


C 


11.97 


Ce 


140. 


CI 


86.87 


Cr 


62.4 


Co 


68.6 


Cu 


68.2 


Di 


142.3 


Er 


166. 


Fl 


19. 


Oa 


69.8 


Ge 


72.28 


Au 


196.2 


H 


1. 


In 


118.4 


I 


126.64 


Ir 


192.6 


Fe 


56.9 


K 


39.03 


La 


188.2 


Pb 


206.4 


Li 


7. 


Mg 


23.9 



Elements. 



Manganese, 

Mercury (Hydrargyrum), 

Molybdenum, 

Nickel, 

Niobium, 

Nitrogen, 

Osmium, 

Oxygen, 

Palladium, 

Phosphorus, 

Platinum, 

Rhodium, 

Rubidium, 

Scandium, 

Selenium, 

Silicon. 

Silver (Arffentum^, . . . 
Sodium (Natrium), . . . ' 

Strontium, 

Sulphur, 

Tantalum, 

Tellurium, 

Thallium, 

Thorium, 

Tin (Stannum), 

Titanium, 

Tungsten (Wolfhim), . . 

Uranium, 

Vanadium, 

Ytterbium, 

Yttrium, 

Zinc, 

Zirconium, 



o 

s 

QQ 



Mn 

Hg 

Mo 

Ni 

Nb 

N 

Os 

O 

Pd 

P 

Pt 

Rh 

Rb 

Sc 

Se 

Si 

Ai 



a 
Sr 
S 

Ta 
Te 
Tl 
Th 
Sn 
Ti 
W 
Ur 
Vd 
Yb 
Y 
Zn 
Zr 



Atomic 
Weight. 



64.8 
199.8 

95.8 

68.6 

94. 

14.01 
196. 

15.96 (16.0) 
106.2 

80.96 
194.6 
104. 

85.2 

44. 

78.9 

28. 
107.66 

22.99 

87.3 

81.98 

182. 

126. 

203.6 

232. 

117.6 

48. 
183.6 
239. 

51.2 
173. 

89. 

66.1 

90. 



There are 66 elements known at present with certainty. The existence 
of Thulium, Terbium, Wasium and Vesbium, as elementary forms of 
matter, is not yet sufficiently established. 
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Acids, definition of; 88 

division of, 88 

hydrogen, 88 



o^7» 



88 



Adhesion. 19 

Aggregation, attraction of, 18 

states of, 7 

Air, ... 89 

ammoniacal gas in, 91 

aqueous vapor in, 91 

carbon dioxide in, 91 

determination of the composition of, 90 

nitric acid in,. 92 

ozone in, 92 

properties of, 92 

saline matters in, 92 

sulphuretted hydrogen in, .... 91 

sulphuric acid in, 92 

sulphurous anhydride in, 92 

AUotropism, 19 

Ammonia, 108 

as a reagent, 106 

chemical relations of, 105 

molecular weight, etc., of, 108 

natural historv o^ .108 

preparation of, 104 

' properties of, 104 

special history of, 108 

tests for, 106 

true salts of, 106 

use of, iajnaking ice, 105 

Ammoniacal gas, 103 

Ammonium chloride, standard solution 

of, 80 

Ammonium hydroxide, 106 

specific gravity of, 105 

Analysis, qualitative, 50 

quantitative, . 50 

Animal fats, 70 

Aqua fortis. 94 

regia, 151 

Aqueous vapor, correction for, . . . . 11 

in air, 91 

Artiads, 84, 49 

Atmospheric air (see Air), 89 

Atom, definition of, 6 

Atomicity, 48 

Atomic volume, 47 

weight according to specific gravity, 45 
according to specific heat, ... 46 

Attraction of aggr^ation, 18 

heterogenous, 19 



Barometers, 10 

siphon, 10 

Basic oxides, 86 

forms of; 86 

Black lead 108 
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Blood, chemical test for, 87 

Boyle's law, 9 

Bromine, 165 

atomic weight, etc., of, 155 

natural history of, -155 

properties of, • * • . . 155 

special history of, 155 



Carbon, 107 

atomic weight, etc, of, 107 

dioxide, 109 

atomic weight, etc., of in air, . 109 

chemical properties of, 109 

disulphlde, 140 

preparation of, 140 

monoxide, 112 

molecular weight, etc., of, . . .112 
physioloffical properties of, . . 114 

preparation or, 118 

properties of, 118 

natural nistory of, 107 

properties of, 107 

special history of, 107 

varieties of, 107 

Carbonates, solubility of, Ill 

Carbonic acid, detection of, Ill 

physiological properties of, .... Ill 

preparation of, 110 

properties o^ 110 

Charcoal, animal, 108 

table of the absorption of gases by 

wood, 22 

Chemical action 28 

attraction, 22 

combination, 88 

laws relating to, 42 

force, 22 

physics, 6 

Chemism, 22 

Chemistry, definition of, 5, 82 

Chloric acid 154 

preparation of, . 154 

properties of, 154 

anhydride, 154 

Chlorine, 148 

atomic weight, etc., of, 148 

detection of free, 149 

natural history of, 148 

peroxide, 154 

preparation of, 154 

properties of, 154 

preparation of, 148 

properties of, 148 

special history of, 148 

Chlorous acid, 154 

preparation of, 154 

properties of, 164 

anhydride, 153 



161 
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Chlorous anhydride- 
preparation of, 158 

properties of, 164 

Classification of inorganic com pounds, . 85 

Coal, 108 

anthracite, 108 

bituminous, 108 

cannel, 108 

gas, 117 

Cohesion, 18 

Coke 108 

Colloids, 21 

Combining proportion of a compound, . 49 

Combustion, 28 

diyisionof, 24 

non-supporters of, 24 

substances indifferent to, 24 

supporters of, 24 

Compound matter 6 

Compounds, formation of ....... . 84 

of carbon and hydrogen, 114 

nitrogen, 119 

oxygen, 109 

sulphur, 140 

ofchlorine and hydrogen, 150 

oxygen, 152 

of hydrogen and oxygen, 65 

sulphur 139 

of nitrogen and oxygen, 92 

of phosphorus and oxygen, . . . .144 

of sulphur and oxygen, 130 

Compressibility, 8 

Conduction, 28 

table of, for solids, 28 

Convection, 28 

Corpuscular theory of heat, 23 

Critical point, 8 

pressure, 8 

Crystallization, 19 

forms of, 19 

Crystalloids 21 

Cyanogen, 119 

chemical properties of, 120 

molecular weight, etc., of, 119 

natural history of, 119 

physiological properties of, ... . 120 

preparation of, 120 

properties of, 120 

special history of, 119 

Dalton's law, . . . . i 43 

Dephlogisticated air, 53 

muriatic acid, 148 

Dew point, 29 

Dialysis, 21 

Diamond, 107 

Dichlorethene, 117 

Diffusion ofgases, law of, 20,64 

Dilatability, 11 

Dimorphous, 19 

Dithionic acid, ' . . 138 

preparation of, 188 

properties of, 139 

DivisibiUty, 8 

Doebereiner's lamp, 65 

Double salts, '. . . 42 

examples of, 42 

Elasticity, 9 

Elementary matter, 32 

Elements, diyisions of, 84 

table of, -: 160 

Empyreal air, 53 

Enaosmosis, 21 



PAGE 

English standard, 14 

Equivalence, 34 

Equivalent weight, 45 

Ethene, 116 

molecular weight, etc., of, 116 

natural histoij of, 116 

preparation of, 116 

properties of, 117 

special history of, 116 

Ethylene. 116 

Exosmosis, 21 

Expansibility 10 

Expansion of gases, 10 

Ferricyanogen, 122 

Ferrocyanogen, 121 

Fire-damp, 114 

Fixed air, 109 

Flame, description of, 118 

Fluorine, 156 

atomic weight of, 156 

preparation of, 156 

properties of, . . . . 156 

Force, chemical, 22 

definition of, • 12 

ofgravitjr. 12 

Forces, some forms of, 12 

Forchhammer method, working of, . . 77 
preparation of the solutions for, . . 76 

process, 75 

reactions recurring in, 76 

Formula, deduction of, by quantitative 

analysis, 50 

Frankland's combustion process, ... 75 

Freezing mixtures, 30 

French standard, 14 

Fuming nitric acid, 95 

Gallon, miniature, 74 

Gas, definition of, 7 

of the acetates, 114 

Gases, correction for temperature and 
pressure, 11 

expansion of, 10 

Gay-Lussac's law, 44 

General properties of matter, 5 

Glacial phosphoric acid, 145 

sulphuric acid, 183 

Golden hair dye, 87 

Graham's sulphuric acid, 133 

Graphite, . 107 

Gravity, force of, 12 

Griess' method, 84 

Gunpowder, composition of, 97 

Haemoglobin, 56 

Hardness of water, 70 

Hard soap, •••.... 70 

Heat, 23 

capacity for, 29 

corpuscular theory of, 23 

definition of, 23 

effects of, 24 

latent, 81 

sources of, 28 

specific, 29 

methods of determining, ... 29 

terrestrial, 23 

transmission of, 28 

undulatory theory of, 23 

Heavy carburetted hydrogen, 116 

Heterogeneous attraction, 19 

Hydrocnloric acid, 151 
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PAGE 

Hjdrochlotic acid — 

chemical propertiea of, .... 151 

gaa, . . . 150 

molecular weight, etc., of, . ISO 

natnral hiatorr of, ISO 

preparatioii o^ 100 

propertiea of, 150 

special history of, 150 

preparatioii of, ........ 151 

properties of, 161 

Hydrocyanic acid, 128 

molecular weight, etc., of, . . . 128 
chemical properties of, .... 125 

detection of, 126 

natural history of, 123 

physiological propertiee of, . . 125 

preparation of, 123 

a two per cent, solution, . .124 

properties of, 124 

special historv of, 128 

Hydroferricyanic acia, -. 122 

Hydroferrocyanic acid, .121 

Hydrogen, 62 

chemical properties of, 65 

molecular weight, etc., of, 62 

monoxide, 65 

natural history of; 62 

peroxide, 86 

history of, 86 

preparation of, 85 

properties of, 86 

tests for, 86 

test for blood, 87 

uses of, 87 

physical properties, 64 

physiological effects, 65 

preparation of, 63 

special history of, 62 

sulphide, 139 

Hydrogen acids, 38 

definition of, 88 

examples of, 38 

Hydrometers, 16 

universal, 17 

Hydrosulphocyanic acid, 122 

Hypochlorous acid, 153 

preparation of; 153 

properties of, 153 

anhydride, 152 

preparation of, 152 

properties of, 153 

Hyponitrous acid, 100 

preparation of, 100 

oxide,, 08 

naiural history of, 08 

physical propertiee of, 99 

physiological properties of, . 100 

preparation of, 98 

special history of, 98 

Hypophosphorous acid, 147 

preparation of, 1*7 

properties of, 1*7 

anhydride 147 

HyposulpburouB acid, 138 

preparation of, 138 

Uluminating gas, 117 

crude, per cent, composition of a, . . 118 

Impenetrability, 8 

Indestructibility, 12 

Inertia. . . . 12 

Inflammable air, 62 

Inorganic compounds, classification of, . 35 

Iodine, 165 

atomic weight, etc., of, 165 
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Iodine- 
natural history of, 155 

preparation of, 155 

propertiee of, 155 

special history of, 155 

IsomorphouB, 19 

Kjeldahl'B method, 88 

Lamp black, . . 109 

Latent heat, 81 

Law, definition of, 5 

Laws relating to chemical combinations, 42 

Light carburetted hydrogen, 114 

Liquid, definition of, 7 

Hagnitude and form, 7 

Mariotte's law, » 

Marsh gas, HJ 

Matter, comjMiBition of, 6 

compound, . * 6, 32 

elementary, 6, 82 

general properties of; 6 

physical properties of, 7 

Mecnanical action, 28 

Metals, general facts regarding, .... 166 

Metaphoephoric acid, 1J5 

Methane, Ii4 

chemical prc^Mrtiee of, 115 

natural history of, 114 

preparations oi; Ijj 

properties of, 116 

special history of, 11} 

Metric system, 13 

Miniature gallon, 74 

Molecular volume, 48 

weight, ^ 47 

Molecule, definition of, • . • • • • • • ^ 

Muriatic acid (see Hydrochloric acid), . 161 

Natural science, dlTisions of, 5 

Nessler's reagent, preparation of, • • • 79 

Neutral oxides, J6 

Nitric acid, J* 

action of metals on, 96 

on organic substances, . . 97 

contaminations of; 94 

decomposition of, 96 

fuming, J5 

preparation of, 94 

properties of, 96 

tests for, . . 97 

oxide, Jf 

natural history of; 93 

preparation of, 93 

properties of, 93 

special history of, 93 

Nitrogen, • fj 

atomic weight, etc., ou JJ 

chemical properties of, 89 

dioxide, .♦ i * ' * JSf 

molecular weight, etc., of, . . . 103 

preparation of, 103 

properties of, 103 

history of, 87 

natural history of, 88 

physical properties of, 89 

physiological properties of, ... . 89 

preparation of, 88 

properties of, 89 

protoxide, IJJ 

preparation of, JOl 

{troperties of, 101 
al characteristics of, 89 
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Nitrous oxide, 102 

preparation of, 102 

properties of, 102 

Nordhausen sulphuric acid, 131 

Oil of Titrlol, 132 

Olefiant gas. 116 

Orthophospnoric acid, 146 

Osmosis, 21 

Oxides, 36 

bssic, 36 

definition of, 36 

neutral, 36 

Oxyacid, definition of, 38 

endings of, 37 

examples of, 39 

radicals, 36 

definition of, 36 

examples of, 37 

Oxygen, 53 

atomic weight, etc., of, 53 

chemical properties of, 59 

history of, 63 

natural history of, 54 

physiological properties of, ... . 56 

process, 75 

preparation of, 54 

properties of, 56 

tests for, 58 

Oxyhsemoglobin, 57 

Oxysalts, 41 

endings of, 41 

examples of, 41 

Ozone, 60 

history of, 60 

molecular weleht, etc., of, 60 

preparation of, 61 

properties of, 61 

tests for, 61 

Perchloric anhydride, 164 

Periodic law, 84 

Perissads, 49 

Phosphono acid, 144 

tests to distinguish, 144 

anhydride, 144 

molecular weight, etc., of, . . . 144 

preparation of; 144 

properties of, 144 

Phoephoretted hydrogen, 147 

molecular weight, etc., of, . . .147 

natural history of, 147 

preparation of, 147 

properties of, 147 

Phosphorous acid 146 

preparation of, 146 

anhydride, 146 

molecular weight of, 146 

preparation of; .... 146 

properties of, 146 

Phosphorus 140 

atomic weight, etc., of, 140 

detection of uncombined, 148 

natural history of, 141 

physiological properties of, .... 143 

preparation or, 141 

properties of, 142 

special history of, 141 

▼arieties of, 142 

Physical properties of matter, 7 

Physics, diyisions of, 5 

Picnometer, 16 

Plumbago, 108 

Porosity, 8 
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Potassium nitrite, preparation of, ... 84 

standard solution of, 84 

Properties of matter, diyisions of, ... 7 

Pyrometer, 27 

Pyrophosphoric acid, 145 

Qualitatiye analysis^ 50 

Quantitative analysis, 50 

Quantivalence, 48 

Radiation, 28 

Salts, 39 

definition of, 39 

diyisions of, 40 

oxy, 41 

simple, 40 

names of, 40 

Saturated solution, 21 

Saturating power, 34 

Science, definition of, 5 

Simple salts, 40 

names of, 40 

Soap, definition, 70 

standard solution of, 71 

Soft soap. 70 

Solid, definition of, 7 

Solubility of different substances, . . . 169 

Solution, 20 

saturated, definition of, 21 

Solyent, definition of, 20 

Sources of heat, 23 

Specific grayity, IS 

bottle, 16 

definition of, 13 

extremes of, 18 

of gases. 17 

of liquids, 16 

of solids heayier than water, . . 14 
in pulyerised state, .... 16 
lignter than water, .... 15 

soluble in water, 15 

heat, 29 

methods of determining, 29 

of solids, 30 

relation of the elements to, ... . 45 
table of, for solids and liquids, ... 80 

States of aggregation, 7 

Stoichiometry, examples in, 52 

Sulphites, 137 

Sulphur, 127 

atomic weight, etc., of, 128 

chemical properties of, 129 

natural history of^ 127 

preparation of, 128 

properties of, 128 

special history of, 128 

yarieties of, 129 

Sulphuretted hydrogen, 139 

in air, 91 

molecular weight, etc., of, . . . 139 

natural history of, 139 

preparation of, 139 

properties of, ... 140 

special history of, 139 

Sulphuric acid, 132 

behayior of, with the metals, . 134 

chemical properties, 134 

detection of, 136 

glacial 188 
fraham's, 138 

impurities of, 134 

molecular weight, etc , of, . . . 132 
natural history of^ 132 
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Sulphuric acid— 

NordbauBen, 181 

preparation of, 181 

properties of, 182 

preparation of, 132 

properties of, 184 

reactions in tne preparation of, 183 

special history of, 182 

anhydride, 180 

hydrates of, 131 

molecular weight, etc., of, . . .130 

natural history of, 180 

preparation of, 180 

properties of, 181 

Sulphurous acid, 137 

anhydride, 185 

molecular weight, etc., of, . 185 

natural history of, 186 

preparation of, 185 

properties of, 196 

special history of, 185 

Symbol, 33 

Synthesis, definition of, 66 

Systems of weights, 13 

Table of elements, symbols and atomic 

weights, 160 

Temperature, definition of, 24 

equalisation of, 27 

Tenacity, 18 

table of, 18 

Terrestrial heat, 28 

Theorem of Archimedes, 14 

Thermometers, 25 

air, 27 

alcoholic 27 

Celsius, 26 

Centigrade, 26 

differential, 27 

Fahrenheit, 26 

forms of, 26 

rule to change Arom one scale to 

another, 26 

R6aumur, 26 

self-registering, 27 
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Thiosulphites, 137 

Thlosulphurous acid, 137 

Torricellian vacuum, 10 

Undulatorv theory, 23 

Universal nydrometer, 17 

Urlnometer, 17 

Valence, 48 

Victor Meyer's apparatus, 17 

Vital air 58 

Wanklyn's ammonia process, 79 

practical working of, ... 81 

Water, 65 

chemical relations of, 68 

composition of. by analysis, .... 66 

by synthesis, 66 

divisions of, 70 

estimation of organic matter in, . . 75 

total solids in, 74 

hard, 70 

method of estimating hardness of, . 71 

natural history of, 66 

quantitative estimation of nitrites 

in, 84 

permanent hardness of, 73 

preparation of, 66 

properties of, 67 

purification of, 78 

soft, 70 

solvent properties of, 69 

special history of. 66 

table of absorption of gases by, . . . 22 

of hardness, 78 

temporary hardness of, 73 

Weight, atomic, according to specific 

gravity, 45 

specific heat, 46 

equivalent, 45 

molecular, 47 

Weights 18 
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